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ADVERTISEMENT. 

In  connection  with  the  system  of  meteorological  observations  established  by 
the  Smithsonian  Institution  about  1850,  a  series  of  meteorological  tables  was 
compiled  by  Dr.  Arnold  Guyot,  at  the  request  of  Secretary  Henry,  and  the 
first  edition  was  published  in  1852.  Though  primarily  designed  for  meteoro- 
logical observers  reporting  to  the  Smithsonian  Institution,  the  tables  were  so 
widely  used  by  physicists  that  it  seemed  desirable  to  recast  the  work  entirely. 
It  was  decided  to  publish  three  sets  of  tables,  each  representative  of  the  latest 
knowledge  in  its  field,  and  independent  of  one  another,  but  forming  a  hdmo- 
geneous  series.  The  first  of  the  new  series.  Meteorological  Tables,  was 
published  in  1893,  the  second,  Geographical  Tables,  in  1894,  and  the  third. 
Physical  Tables,  in  1896.  In  1909  yet  another  volume'  was  added,  so  that  the 
series  now  comprises:  Smithsonian  Meteorological  Tables,  Smithsonian 
Geographical  Tables,  Smithsonian  Physical  Tables,  and  Smithsonian  Mathe- 
matical Tables. 

The  fourteen  years  which  had  elapsed  in  iqio  since  the  publication  of  the 
first  edition  of  the  Physical  Tables,  prepared  by  Professor  Thomas  Gray, 
had  brought  such  changes  in  the  material  upon  which  the  tables  must  be 
based  that  it  became  necessarv  to  make  a  radical  revision  for  the  fifth  and 
sixth  revised  editions  published  in  1910  and  1914.  The  latter  edition  was  re- 
printed thrice.  For  the  present  seventh  revision  extended  changes  have  been 
made  with  the  inclusion  of  new  data  on  old  and  new  topics. 

Charles  D.  Waixott, 
Secretary  of  the  Smithsonian  Institution. 
June,  ipip. 


PREFACE  TO  7th  REVISED  EDITION. 

The  present  edition  of  the  Smithsonian  Physical  Tables  entails  a  considerable 
enlargement.  Besides  the  insertion  of  new  data  in  the  older  tables,  about  170 
new  tables  have  been  added.  The  scope  of  the  tables  has  been  broadened  to 
include  tables  on  astrophysics,  meteorology,  geochemistry,  atomic  and  molecu- 
lar data,  colloids,  photography,  etc.  In  the  earlier  revisions  the  insertion  of 
new  matter  in  a  way  to  avoid  renimibering  the  pages  resulted  in  a  somewhat 
illogical  sequence  of  tables.  This  we*  have  tried  to  remedy  in  the  present  edition 
by  radically  rearranging  the  tables;  the  sequence  is  now,  —  mathematical,  me- 
chanical, acoustical,  thermal,  optical,  electrical,  etc. 

Many  suggestions  and  data  have  been  received:  from  the  Bureau  of  Stand- 
ards, —  including  the  revision  of  the  magnetic,  mechanical,  and  X-ray  tables, 
—  from  the  Coast  and  Geodetic  Survey  (magnetic  data),  the  Naval  Observ- 
atory, the  Geophysical  Laboratory,  Department  of  Terrestrial  Magnetism,  etc. ; 
from  Messrs.  Adams  of  the  Mount  Wilson  Observatory,  Adams  of  the  Geo- 
physical Laboratory  (compressibility  tables),  Anderson  (mechanical  tables), 
Dellinger,  Hackh,  Himiphreys,  Mees  and  Lovejoy  of  the  Eastman  Kodak  Co. 
(photographic  data).  Miller  (acoustical  data).  Van  Orstrand,  Russell  of  Prince- 
ton (astronomical  tables),  Saunders,  Wherry  and  Lassen  (crystal  indices  of 
refraction).  White,  Worthing  and  Forsythe  and  others  of  the  Nela  Research 
Laboratory,  Zahm  (aeronautical  tables).  To  all  these  and  others  we  are  in- 
debted for  valuable  criticisms  and  data.  We  will  ever  be  grateful  for  further 
criticisms,  the  notification  of  errors,  and  new  data. 

Frederick  E.  Fowle. 

astrophysical  observatory, 

Smithsonian  Institution, 

May^  1 9 19. 
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INTRODUCTION. 


UNITS  OF  MEASUREMENT.    DIMENSIONAL  AND 

CONVERSION  FORMULAE. 

The  quantitative  measure  of  anything  is  expressed  by  two  factors,  —  one, 
a  certain  definite  amount  of  the  kind  of  physical  quantity  measured,  called  the 
unit,  the  other,  the  number  of  times  this  imit  is  taken.  A  distance  is  stated 
as  5  meters.  The  purpose  in  such  a  statement  is  to  convey  an  idea  of  this  dis- 
tance in  terms  of  some  familiar  or  standard  unit  distance.  Similarly  quantity 
of  matter  is  referred  to  as  so  many  grams;  of  time,  as  so  many  seconds,  or  minutes, 
or  hours. 

The  numerical  factor  definitive  of  the  magnitude  of  any  quantity  must  depend 
on  the  size  of  the  unit  in  terms  of  which  the  quantity  is  measured.  For  example, 
let  the  magnitude  factor  be  5  for  a  certain  distance  when  the  mile  is  used  as  the 
unit  of  measurement.  A  mile  equals  1760  yards  or  5280  feet.  The  numerical 
factor  evidently  becomes  8800  and  26400,  respectively,  when  the  yard  or  the 
foot  is  used  as  the  unit.  Hence,  to  obtain  the  magnitude  factor  for  a  quantity 
in  terms  of  a  new  unit,  multiply  the  old  magnitude  factor  by  the  ratio  of  the 
magnitudes  of  the  old  and  new  units;  that  is,  by  the  number  of  the  new  units 
required  to  make  one  of  the  old. 

The  different  kinds  of  quantities  measured  by  physicists  fall  fairly  definitely 
into  two  classes.  In  one  class  the  magnitudes  may  be  called  extensive,  —  in 
the  other,  intensive.  To  decide  to  which  class  a  quantity  belongs,  it  is  often 
helpful  to  note  the  effect  of  the  addition  of  two  equal  quantities  of  the  kind  in 
question.  If  twice  the  quantity  results,  then  the  quantity  has  extensive  (addi- 
tive) magnitude.  For  instance,  two  pieces  of  platinum,  each  weighing  5  grams, 
added  together,  weigh  10  grams;  on  the  other  hand,  the  addition  of  one  piece 
of  platinum  at  100°  C  to  another  at  100°  C  does  not  result  in  a  s)rstem  at  200°  C. 
Volume,  entropy,  energy  may  be  taken  as  typical  of  extensive, —  density,  tem- 
perature and  magnetic  permeability,  of  intensive  magnitudes. 

The  measurement  of  quantities  having  extensive  magnitude  is  a  compara- 
tively direct  process.  Those  having  intensive  magnitude  must  be  correlated 
with  phenomena  which  may  be  measured  extensively.  In  the  case  of  tempera- 
ture, a  t)^ical  quantity  with  intensive  magnitude,  various  methods  of  measiure- 
ment  have  been  devised,  such  as  the  correlation  of  magnitudes  of  temperature 
with  the  varying  lengths  of  a  thread  of  mercury. 

Fundamental  Units.  —  It  is  desirable  that  the  fewest  possible  fundamental 
unit  quantities  should  be  chosen.  Simplicity  should  regulate  the  choice,  — 
simplicity  ist,  psychologically,  in  that  they  should  be  easy  to  grasp  mentally, 
and  2nd,  physically,  in  permitting  as  straightforward  and  simple  definition  as 
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possible  of  the  complex  relationships  involving  them.  Further  it  seems  desirable 
that  the  units  should  be  extensive  in  nature.  It  has  been  found  possible  to 
express  all  measurable  physical  quantities  in  terms  of  five  such  units:  ist,  geo- 
metripal  considerations  —  length,  surface,  etc.,  — lead  to  the  need  of  a  length; 
2nd,  kinematical  considerations  —  velocity,  acceleration,  etc., — introduce  time; 
3rd,  mechanics  —  treating  of  masses  instead  of  immaterial  points  —  intro- 
duces matter  with  the  need  of  a  fundamental  unit  of  mass;  4th,  electrical,  and 
5th,  thermal  considerations  require  two  more  such  quantities.  The  discovery 
of  new  classes  of  phenomena  may  require  further  additions. 

As  to  the  first  three  fundamental  quantities,  simplicity  and  good  use  sanction 
the  choice  of  a  length,  L,  a  time  interval,  J",  and  a  mass,  M.  For  the  measure- 
ment of  electrical  quantities,  good  use  has  sanctioned  two  fundamental  quan- 
tities, —  the  dielectric  constant.  A",  the  basis  of  the  "electrostatic"  system  and 
the  magnetic  permeability,  /x,  the  basis  of  the  "electromagnetic"  system.  Besides 
these  two  systems  involving  electrical  considerations,  there  is  in  common  use  a 
third  one  called  the  "international"  system  which  will  be  referred  to  later.  For 
the  fifth,  or  thermal  fundamental  unit,  temperature  is  generally  chosen.^ 

Derived  Units.  —  Having  selected  the  fundamental  or  basic  units,  —  namely, 
a  measure  of  length,  of  time,  of  mass,  of  permeability  or  of  the  dielectric 
constant,  and  of  temperature,  —  it  remains  to  express  all  other  units  for  physi- 
cal quantities  in  terms  of  tHese.  Units  depending  on  powers  greater  than  unity 
of  the  basic  units  are  called  "derived  units."  Thus,  the  unit  volume  is  the  volume 
of  a  cube  having  each  edge  a  unit  of  length.  Suppose  that  the  capacity  of  some 
volume  is  expressed  in  terms  of  the  foot  as  fundamental  unit  and  the  volume 
number  is  wished  when  the  yard  is  taken  as  the  unit.  The  yard  is  three  times 
as  long  as  the  foot  and  therefore  the  voliune  of  a  cube  whose  edge  is  a  yard  is 
3  X.3  X  3  times  as  great  as  that  whose  edge  is  a  foot.  Thus  the  given  volume 
will  contain  only  1/27  as  many  units  of  volume  when  the  yard  is  the  imit  of 
length  as  it  will  contain  when  the  foot  is  the  unit.  To  transform  from  the  foot 
as  old  unit  to  the  yard  as  new  unit,  the  old  volume  number  must  be  multiplied 
by  1/27,  or  by  the  ratio  of  the  magnitude  of  the  old  to  that  of  the  new  unit  of 
volume.  This  is  the  same  rule  as  already  given,  but  it  is  usually  more  conven- 
ient to  express  the  transformations  in  terms  of  the  fundamental  units  directly. 
In  the  present  case,  since,  with  the  method  of  measurement  here  adopted,  a 
volume  number  is  the  cube  of  a  length-niunber,  the  ratio  of  two  units  of  volume 
is  the  cube  of  the  ratio  of  the  intrinsic  values  of  the  two  imits  of  length.  Hence, 
if  I  is  the  ratio  of  the  magnitude  of  the  old  to  that  of  the  new  unit  of  length,  the 
ratio  of  the  corresponding  units  of  volume  is  P,  Similarly  the  ratio  of  two  units 
of  area  would  be  /*,  and  so  on  for  other  quantities. 

^  Because  of  its  greater  psychological  and  physical  simplicity,  and  the  desirability  that  the 
unit  chosen  should  have  extensive  magnitude,  it  has  been  proposed  to  choose  as  the  fourth  fun- 
damental quantity,  a  quantity  of  electrical  charge,  e.  The  standard  unit  of  electrical  charge 
would  then  be  the  electronic  charge.  For  thermal  needs,  entropy  has  been  proposed.  While 
not  generally  so  psychologically  easy  to  grasp  as  temperature,  entropy  is  of  fundamental  im- 
portance in  thermodynamics  and  has  extensive  magnitude.  (R.  C.  Tolman,  The  Measurable 
Quantities  of  Physics,  Physical  Review,  9,  p.  237,  191 7.) 
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Conversion  Factors  and  Dimensional  Formulae.  —  For  the  ratios  of  length, 
mass,  time,  temperature,  dielectric  constant  and  permeability  units  the  small 
bracketed  letters,  [f],  [m],  [f\y  [jSr\,  M,  and  [jjl]  will  be  adopted.  These  symbols 
will  always  represent  simple  numbers,  but  the  magnitude  of  the  number  will 
depend  on  the  relative  magnitudes  of  the  units  the  ratios  of  which  they  repre- 
sent. When  the  values  of  the  numbers  represented  by  these  small  bracketed 
letters  as  well  as  the  powers  of  them  involved  in  any  particular  unit  are  known, 
the  factor  for  the  transformation  is  at  once  obtained.  Thus,  in  the  above  ex- 
ample, the  value  of  /  was  i/^,  and  the  p)ower  involved  in  the  expression  ior  vo)ume 
was  3;  hence  the  factor  for  transforming  from  cubic  feet  to  cubic  yards  was  P 
or  1/3®  or  1/27.    These  factors  will  be  called  conversion  factors. 

To  find  the  symboUc  expression  for  the  conversion  factor  for  any  physical 
quantity,  it  is  sufficient  to  determine  the  degree  to  which  the  quantities  length, 
mass,  time,  etc.,  are  involved.  Thus  a  velocity  is  expressed  by  the  ratio  of  the 
number  representing  a  length  to  that  representing  an  interval  of  time,  or  [_L/T2y 
and  acceleration  by  a  velocity  nvunber  divided  by  an  interval-of-time  number, 
or  [L/7^3,  and  so  on,  and  the*  corresponding  ratios  of  units  must  therefore  enter 
in  precisely  the  same  degree.  The  factors  would  thus  be  for  the  just  stated  cases, 
[l/t]  and  [l/t^^-  Equations  of  the  form  above  given  for  velocity  and  acceleration 
which  show  the  dimensions  of  the  quantity  in  terms  of  the  fundamental  units 
are  called  dimensional  equations.  Thus  []£]  =  \_ML^T~^'\  will  be  found  to 
be  the  dimensional  equation  for  energy,  and  [ML^T-^'\  the  dimensional  formula 
for  it.  These  expressions  will  be  distinguished  from  the  conversion  factors  by 
the  use  of  bracketed  capital  letters. 

In  general,  if  we  have  an  equation  for  a  physical  quantity, 

Q  =  CL^APT', 

where  C  is  a  constant  and  L,  AT,  T  represent  length,  mass,  and  time  in  terms 
of  one  set  of  units,  and  it  is  desired  to  transform  to  another  set  of  units  in  terms 
of  which  the  length,  mass,  and  time  are  L,,  M,y  T,y  we  have  to  find  the  value  of 
L,/Ly  MJMj  TJT,  which,  in  accordance  with  the  convention  adopted  above, 
will  be  ly  m,  /,  or  the  ratios  of  the  magnitudes  of  the  old  to  those  of  the  new  units. 
Thus  Ly  =  LI,  M,  =  Mm,  T,  «  Tt,  and  if  Q,  be  the  new  quantity  number, 

or  the  conversion  factor  is  p*w*/*],  a  quantity  precisely  of  the  same  form  as  the 
dimension  formula  []L*AP7^]. 

Dimensional  equations  are  useful  for  checking  the  validity  of  physical  equa- 
tions.  Since  physical  equations  must  be  homogeneous,  each  term  appearing  in 
Uiem  must  be  dimensionally  equivalent.  For  example,  the  distance  moved  by 
a  uniformly  accelerated  body  is  5  =  v^  +  Ja/^.  The  corresponding  dimensional 
equation  is  [L]  «  [(L/r)  J]  +  [(L/P)?^],  each  term  reducing  to  [L]. 

Dimensional  considerations  may  often  give  insight  into  the  laws  regulating 
physical  phenomena.*    For  instance  Lord  Rayleigh,  in  discussing  the  intensity 

*  See  "On  Physically  Similar  Systems;  Illustrations  of  the  Use  of  Dimensional  Equations.'* 
E.  Buckingham,  Physical  Review,  (2)  4,  p.  345,  igT/*.. 
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of  light  scattered  from  small  particles,  in  so  far  as  it  depends  upon  the  wave- 
length, reasons  as  follows:^ 

''The  object  is  to  compare  the  intensities  of  the  incident  and  scattered  ray;  for  these  will 
clearly  be  proportional.  The  number  (i)  expressing  the  ratio  of  the  two  amplitudes  is  a  function 
of  the  following  quantities: —  T,  the  volume  of  the  disturbing  particle;  r,  the  distance  of  the 
point  under  consideration  from  it;  X,  the  wave-length;  6,  the  velocity  of  propagation  of  light; 
D  and  D',  the  original  and  altered  densities:  of  which  the  first  three  depend  only  on  space,  the 
fourth  on  space  and  time,  while  the  fifth  and  sixth  introduce  the  consideration  of  mass.  Qther 
elements  of  the  problem  there  are  none,  except  mere  numbers  and  angles,  which  do  not  depend 
upon  the  fundamental  measurements  of  space,  time,  and  mass.  Since  the  ratio  « ,  whose  expres- 
sion we  seek,  is  of  no  dimensions  in  mass,  it  follows  at  once  that  D  and  V  occur  only  under  the 
form  D:  Vy  which  is  a  simple  number  and  may  therefore  be  omitted.  It  remains  to  find  how 
i  varies  with  T,  r,  X,  ft. 

"Now,  of  these  quantities,  6  is  the  only  one  depending  on  time;  and  therefore,  as  f  is  of  no 
dimensions  in  time,  b  cannot  occur  in  its  expression.  We  are  left;  then,  with  T,  r,  and  X;  and 
from  what  we  know  of  the  d3aiamics  of  the  question,  we  may  be  sure  that  i  varies  directly  as 
T  and  inversely  as  r,  and  must  therefore  be  proportional  to  T  -^  XV,  T  being  of  three  dimensions 
in  space.  In  passing  from  one  part  of  the  spectrum  to  another  X  is  the  only  quantity  which 
varies,  and  we  have  the  important  law: 

"  When  light  is  scattered  by  particles  which  are  very  small  compared  with  any  of  the  wave- 
lengths, the  ratio  of  the  amplitudes  of  the  vibrations  of  the  scattered  and  incident  light  varies 
inversely  as  the  square  of  the  wave-length,  and  the  intensity  of  the  lights  themselves  as  the 
inverse  fourth  power." 

The  dimensional  and  conversion-factor  formulae  for  the  more  commonly 
occurring  derived  units  will  now  be  developed. 

Area  is  referred  to  a  unit  square  whose  side  is  the  unit  of  length.    The  area  of 

a  surface  is  expressed  as 

S  -  CL\ 

where  the  constant  C  depends  on  the  contour  of  the  surface  and  L  is  a  linear 
dimension.  If  the  surface  is  a  square  and  L  thie  length  of  a  side,  C  is  unity; 
if  a  circle  and  L  its  diameter,  C  is  ^/4.  The  dimensional  formula  is  therefore 
[L*]  and  the  conversion  factor  [P"].  (Since  the  conversion  factors  are  always  of 
the  same  dimensions  as  the  dimensional  formulae  they  will  be  omitted  in  the 
subsequent  discussions.    A  table  of  them  will  be  found  on  page  3.) 

Volume  is  referred  to  a  unit  cube  whose  edge  is  the  unit  of  length.   The  volume 

of  a  body  is  expressed  as 

V  =  CL\ 

The  constant  C  depends  on  the  shape  of  the  bounding  surfaces.  The  dimen- 
sional formula  is  C-^'D- 

Density  is  the  quantity  of  matter  per  unit  volume.  The  dimensional  formula 
is  [Af/y]  or  [ML-8]. 

Ex.  —  The  density  of  a  body  is  150  pd.  per  cu.  ft.:  required  the  density  in  grains  per  cu.  in. 
Here  w,  the  number  of  grains  in  a  pd.,  -  7000;  /,  the  number  of  in.  in  a  ft.,  -12;  ml*  •=  7000/12' 
-  4.051.    The  density  is  150  x  4.051  -  607.6  grains/cu.  in. 

The  specific  gravity  of  a  body  is  the  ratio  of  a  density  to  the  density  of  a  standard 
substance.    The  dimensional  formula  and  conversion  factor  are  both  unity. 

*  Philosophical  Magazine,  (4)  41,  p.  107,  1871. 
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Velocity,  v,  of  a  body  is  dL/dt,  or  the  ratio  of  a  length  to  a  time.  The  dimen- 
sional formula  is  [L  7^^].' 

Angle  is  measured  by  the  ratio  of  the  length  of  an  arc  to  its  radius.  The  di- 
mensional formula  is  unity. 

Angular  Velocity  is  the  ratio  of  the  angle  described  in  a  given  time  to  that 
time.    The  dimensional  formula  is  Cr~G.  . 

Linear  Acceleration  is  the  rate  of  change  of  velocity  or  a  =  dv/dL  The  dimen- 
sional formula  is  [Fr-i]  or  [Lr-«]. 

Ex.  —  A  body  acquires  velocity  at  a  unifonn  rate  and  at  the  end  of  one  minute  moves  at  the 
rate  of  20  kilometers  per  hour:  what  is  the  acceleration  in  centimeters  per  second  per  second? 
Since  the  velocity  gained  was  20  km  per  hour  in  one  minute,  the  acceleration  was  1200  km 
per  hour  per  hour.  /  -  looooo,  I  ■=  3600,  /r^  -  100000/3600^  «  0.00771;  the  acceleration- 
.00771  X  1200  =  9.26  cm/sec. 

Angular  Acceleration  is  rate  of  change  of  angular  velocity.  The  dimensional 
formula  is  [(angular  velocity)/ T]  or  [r"*]. 

Momentum,  the  quantity  of  motion  in  the  Newtonian  sense,  is  measured  by 
the  product  of  the  mass  and  velocity  of  the  body.  The  dimensional  formula  is 
[MV]  or  [MLr-^]. 

Moment  of  Momentum  of  a  body  with  reference  to  a  point  is  the  product  of 
its  momentum  by  the  distance  of  its  line  of  motion  from  the  point.  The  dimen- 
sional formula  is  [ML^T~^'\, 

Moment  of  Inertia  of  a  body  round  an  axis  is  expressed  by  the  formula  ^mr^^ 
where  m  is  the  mass  of  any  particle  of  the  body  and  r  its  distance  from  the  axis. 
The  dimensional  formula  for  the  sum  is  the  same  as  for  each  element  and  is 
{_MLr\. 

Angular  Momentum  of  a  body  is  the  product  of  its  moment  of  inertia  and 
angular  velocity.    The  dimensional  formula  is  [ML^T~^'], 

Force  is  measured  by  the  rate  of  change  of  momentum  it  can  produce.  The 
dimensional  formulae  for  force  and  "time  rate  of  change  of  momentum"  are 
therefore  the  same,  the  ratio  of  a  momentum  to  a  time  \MLT~^. 

Ex.  —  When  mass  is  expressed  in  lbs.,  length  in  ft.,  and  time  in  sees.,  the  unit  force  is  called 
the  poundal.  When  grams,  cms,  and  sees,  are  the  corresponding  units,  the  unit  of  force  is 
called  the  dyne.  Find  the  number  of  dynes  in  25  poundals.  Here  m  -  453.59,  /  =  30.48,  ^  -  i ; 
fw/r*  =  453.59  X  30.48  »  13825  nearly.  The  number  of  dynes  is  13825  X  25  =-  345625  approxi- 
mately. 

Moment  of  Couple,  Torque,  or  Twisting  Motive  can  be  expressed  as  the  product 
of  a  force  and  a  length.    The  dimensional  formula  is  [FL]  or  \Ml?T~^, 

Intensity  of  Stress  is  the  ratio  of  the  total  stress  to  the  area  over  which  the 
stress  is  distributed.    The  dimensional  formula  is  [FL"^]  or  \Mlr^T~^'\, 

Intensity  of  Attraction,  or  "  Force  at  a  Point,"  is  the  force  of  attraction  per 
unit  mass  on  a  body  placed  at  the  point.  The  dimensional  formula  is  [FM~^3 
or  \LT~^^  the  same  as  acceleration. 
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Absolute  Force  of  a  Center  of  Attraction,  or  *'  Strength  of  a  Center,"  is  the 
intensity  of  force  at  unit  distance  from  the  center,  and  is  the  force  per  unit  mass 
at  any  point  multiplied  by  the  square  of  the  distance  from  the  center.  The 
dimensional  formula  is  \^FL^M~^2  ^^  [_L^T~^'}. 

Modulus  of  Elasticity  is  the  ratio  of  stress  intensity  to  percentage  strain.  The 
dimensional  of  percentage  strain,  a  length  divided  by  a  length,  is  imity.  Hence 
the  dimensional  formula  of  a  modulus  of  elasticity  is  that  of  stress  intensity 

Work  is  done  by  a  force  when  the  point  of  application  of  the  force,  acting  on 
a  body,  moves  in  the  direction  of  the  force.  It  is  measured  by  the  product  of 
the  force  and  the  displacement.    The  dimensional  formula  is  [_FL'}  or  [_ML^T~^'], 

Energy.  —  The  work  done  by  the  force  produces  either  a  change  in  the  veloc- 
ity of  the  body  or  a  change  of  its  shape  or  configuration,  or  both.  In  the  first 
case  it  produces  a  change  of  kinetic  energy,  in  the  second,  of  potential  energy. 
The  dimensional  formulae  of  energy  and  work,  representing  quantities  of  the  same 
kind,  are  identical  [^ML^T~^'^, 

* 

Resilience  is  the  work  done  per  imit  volume  of  a  body  in  distorting  it  to  the 

elastic  limit  or  in  producing  rupture.    The  dimensional  formula  is  [_ML^T^^L~^2 
or  [ML-ir-2], 

Power  or  Activity  is  the  time  rate  of  doing  work,  or  if  PF  represents  work  and 
P  power,  F  =  dw/dt.  The  dimensional  formula  is  [WT-^2  or  LMUT-^2f  or  ^r 
problems  in  gravitation  units  more  conveniently  [FL  J^^],  where  F  stands  for 
the  force  factor. 

Exs.  —  Find  the  number  of  gram-cms  in  one  ft.-pd.  Here  the  imits-  of  force  are  the  attrac-. 
tion  of  the  earth  on  the  pound  and  the  gram  of  matter.  (In  problems  like  this  the  tenns  "grams" 
and  "pd."  refer  to  force  and  not  to  mass.)  The  tonversion  factor  is  [^jQf  where/  is  453.59  and 
/  is  30.48.    The  answer  is  453.59  X  30.48  =  13825. 

Find  the  number  of  ft.-poundals  in  loooooo  cm-dynes.  Here  m  -  1/453.59,  ^  "  1/30.48, 
I  -  i;   mPr^  -  1/453-59  X  30-48*,  and  lohnPr^  -  ic^/453-59  X  30-48*  -  2.373. 

If  gravity  produces  an  acceleration  of  32.2  ft./sec./sec.,  how  many  watts  are  required  to  make 
one  horse-power?  One  horse-power  is  550  ft.-pds.  per  sec.,  or  550  X  32.2  «  17710  ft.-poundals 
per  second.  One  watt  is  10^  ergs  per  sec,  that  is,  10^  dyne-cms  per  sec.  The  conversion  factor 
is  \jnPr*2,  where  m  is  453.59,  /  is  30.48,  and  /  is  i,  and  the  result  has  to  be  divided  by  10^,  the 
number  of  dyne-cms  per  sec.  in  the  watt.  i77iom/'r'Vio^  -  17710  x  453.59  X  30.48V10' 
-  746.3- 

HEAT  UNITS. 

Quantity  of  Heat,  measured  in  dynamical  imits,  has  the  same  dimensions  as 
energy  [ML^J^^].  Ordinary  measurements,  however,  are  made  in  thermal 
units,  that  is,  in  terms  of  the  amount  of  heat  required  to*  raise  the  temperature 
of  a  unit  mass  of  water  one  degree  of  temperature  at  some  stated  temperature. 
This  involves  the  unit  of  mass  and  some  imit  of  temperature.  If  we  denote 
temperature  numbers  by  9,  the  dimensional  formula  for  quantity  of  heat,  H, 
will  be  QMG].  Unit  volume  is  sometimes  used  instead  of  unit  mass  in  the  meas- 
urement of  heat,  the  units  being  called  thermometric  units.  The  dimensional 
formula  now  changed  by  the  substitution  of  vplume  for  mass  is  CL^G], 
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Specific  Heat  is  the  relative  amount  of  heat,  compared  with  water  as  standard 
substance,  required  to  raise  unit  mass  of  different  substances  one  degree  in  tem- 
perature and  is  a  simple  number. 

Coefficient  of  Thermal  Expansion  of  a  substance  is  the  ratio  of  the  change  of 
length  per  imit  length  (linear),  or  change  of  volume  per  unit  volume  (voluminal), 
to  the  change  of  temperature.  These  ratios  are  simple  numbers,  and  the  change 
of  temperature  varies  inversely  as  the  magnitude  of  the  unit  of  temperature. 
The  dimensional  formula  is  [0""G- 

Thermal  Conductivity,  or  Specific  Conductance,  is  the  quantity  of  heat,  H, 
transmitted  per  unit  of  time  per  unit  of  surface  per  imit  of  temperature  gradient. 
The  equation  for  conductivity  is  therefore  K  =  H/L^TQ/L,  and  the  dimen- 
sional formula  [_H/QLT^  «  \_MLr^T~'^'^  in  thermal  units.  In  thermometric 
units  the  formula  becomes  \_L^T~^'\,  which  properly  represents  diffusivity,  and 
in  dynamical  units  \_M LT^^Qr^'\, 

Thermal  Capacity  is  mass  times  the  specific  heat.    The  dimensional  formula 

is[iir|. 

Latent  Heat  is  the  quantity  of  heat  required  to  change  the  state  of  a  body 
divided  by  the  quantity  of  matter.  The  dimensional  formula  is  [M9/M]  or 
[[9];  in  dynamical  units  it  is  [_L^T~^']. 

Note.  —  When  9  is  given  the  dimensional  formula  [L*7^],  the  formulae  in  thermal  and 
6ya2iSmczX  units  are  identical. 

Joule's  Equivalent,  /,  is  connected  with  the  quantity  of  heat  by  the  equation 
ML^T-^  =  JH  or  J  MO.  The  dimensional  formula  of  /  is  IL^T-^^^J  In 
dynamical  units  /  is  a  simple  number. 

Entropy  of  a  body  is  directly  proportional  to  the  quantity  of  heat  it  contains 
and  inversely  proportional  to  its  temperature.  The  dimensional  formula  is 
[M9/9]  or  [3f3.    In  dynamical  units  the  formula  is  [ML^r-^Q-i-j 

Exs.  —  Find  the  relation  between  the  British  .thermal  unit,  the  large  or  kilogram-calorie 
and  the  small  or  gram-calorie,  sometimes  called  the  "therm."  Referring  all  the  units  to  the 
same  temperature  of  the  standard  substance,  the  British  Oiermal  unit  is  the  amount  of  heat 
required  to  warm  one  pound  of  water  i®  C,  the  large  calorie,  i  kilogram  of  water,  i**  C,  the 
small  calorie  or  therm,  i  gram,  i°  C.  (i)  To  find  the  number  of  kg-cals.  in  one  British  thermal 
unit,  m  =  .453S9»  ^  -  S/q;  ^  -  -45359  X  5/9  -  .25199.  (2)  To  find  the  number  therms  in  one 
kg-cal.  m  -  1000,  and  ^  -  i ;  md  ^  1000.  (3)  Hence  the  number  of  small  calories  or  therms  in 
one  British  thermal  unit  is  1000  x  -25199  »  251.99. 

ELECTRIC  AND  MAGNETIC  UNITS. 

A  system  of  units  of  electric  and  magnetic  quantities  requires  four  funoa- 
mental  quantities.  A  system  in  which  length,  mass,  and  time  constitute  three 
of  the  fundamental  quantities  is  known  as  an  '^absolute"  system.  There  are 
two  absolute  systems  of  electric  and  magnetic  units.  One  is  called  the  electro- 
static, in  which  the  fourth  fundamental  quantity  is  the  dielectric  constant,  and 
one  is  called  the  electromagnetic,  in  which  the  fourth  fundamental  quantity  is 
magnetic  permeability.  Besides  these  two  systems  there  will  be  described  a 
third  in  common  use  called  the  "international"  system. 
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In  the  electrostatic  system,  unit  quantity  of  electricity,  Q,  is  the  quantity 
which  exerts  unit  mechanical  force  upon  an  equal  quantity  a  unit  distance  from 
it  in  a  vacuum.  From  this  definition  the  dimensions  and  the  units  of  all  the 
other  electric  and  magnetic  quantities  follow  through  the  equations  of  the  mathe- 
matical theory  of  electromagnetism.  The  mechanical  force  between  two  quan- 
tities of  electricity  in  any  medium  is 

where  K  is  the  dielectric  constant,  characteristic  of  the  medium,  and  r  the  dis- 
tance between  the  two  points  at  which  the  quantities  Q  and  Q'  are  located.  K 
is  the  fourth  quantity  entering  into  dimensional  expressions  in  the  electrostatic 
system.     Since  the  dimensional  formula  for  force  is  [MLT~^'\y  that  for  Q  is 

The  electromagnetic  system  is  based  upon  the  unit  of  the  magnetic  pole 
strength.  The  dimensions  and  the  units  of  the  other  quantities  are  built  up 
from  this  in  the  same  manner  as  for  the  electrostatic  system.  The  mechanical 
force  between  two  magnetic  poles  in  any  medium  is 

nvm 


F  ^ 


fir^ 


in  which  /x  is  the  permeability  of  the  medium  and  r  is  the  distance  between  two 
poles  having  the  strengths  tn  and  fn\  /x  is  the  fourth  quantity  entering  into 
dimensional  expressions  in  the  electromagnetic  system.  It  follows  that  the 
dimensional  expression  for  magnetic  pole  strength  is  [M*L*J^^/x*]]. 

The  symbols  K  and  /jl  are  sometimes  omitted  in  the  dimensional  formulae  so 
that  only  three  fundamental  quantities  appear.  There  are  a  number  of  objec- 
tions to  this.  Such  formulae  give  no  information  as  to  the  relative  magnitudes 
of  the  units  in  the  two  systems.  The  omission  is  equivalent  to  assuming  some 
relation  between  mechanical  and  electrical  quantities,  or  to  a  mechanical  expla- 
nation of  electricity.    Such  a  relation  or  explanation  is  not  known. 

The  properties  K  and  ji  are  connected  by  the  equation  i/V^M  =  v,  where  v 
is  the  velocity  of  an  electromagnetic  wave.  For  empty  space  or  for  air,  K  and 
fi  being  measured  in  the  same  units,  i/V^M  ==  ^>  where  c  is  the  velocity  of 
light  in  vacuo,  3  x  10^®  cm  per  sec.  It  is  sometimes  forgotten  that  the  omission 
of  the  dimensions  of  K  or  ji  is  merely  conventional.  For  instance,  magnetic 
field  intensity  and  magnetic  induction  apparently  have  the  same  dimensions 
when  fx  is  omitted.  This  results  in  confusion  and  difficulty  in  understanding  the 
theory  of  magnetism.  The  suppression  of  /x  has  also  led  to  the  use  of  the  "centi- 
meter" as  a  unit  of  capacity  and  of  inductance;  neither  is  physically  the  same 
as  length. 

ELECTROSTATIC  SYSTEM. 

Quantity  of  Electricity  has  the  dimensional  formula  [Af *L^  7^*  A"*],  as  shown 
above. 

Electric  Surface  Density  of  an  electrical  distribution  at  any  point  on  a  surface 
is  measured  by  the  quantity  per  imit  area.  The  dimensional  formula  is  the  ratio 
of  the  formulae  for  quantity  of  electricity  and  for  area  or  [^M^L~^T~^K^^, 
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Electric  Field  Intensity  is  measured  by  the  ratio  of  the  force  on  a  quantity 
of  electricity  at  a  point  to  the  quantity  of  electricity.  The  dimensional 
formula  is  therefore  the  ratio  of  the  formulae  for  force  and  electric  quantity  or 
iMLT-yM^DT-^K^^  or  IM^L-^T-'K-^']. 

Electric  Potential  and  Electromotive  Force.  —  Change  of  potential  is  propor- 
tional to  the  work  done  per  unit  of  electricity  in  producing  the  change.  The 
dimensional  formula  is  the  ratio  of  the  formulae  for  work  and  electrical  quantity 

or  lML^T-^/M^DT-'K^2  or  IM^DT-'K'-^J 

Capacity  of  an  Insulated  Conductor  is  proportional  to  the  ratio  of  the  quan- 
tity of  electricity  in  a  charge  to  the  potential  of  the  charge.  The  dimensional 
formula  is  the  ratio  of  the  two  formulae  for  electric  quantity  and  potential  or 
iM^L^T-^K^/M^L^T-^K-i^  or  ILIQ, 

Specific  Inductive  Capacity  is  the  ratio  of  the  inductive  capacity  of  the  sub- 
stance to  that  of  a  standard  substance  and  therefore  is  a  number.  • 

Electric  Current  is  quantity  of  electricity  flowing  past  a  point  per  unit  of 
time.  The  dimensional  formula  is  the  ratio  of  the  formulae  for  electric  quan- 
tity and  for  time  or  [M^L^r-iA:*/^  or  IM^L^T-^K^J 

Electrical  Conductivity,  like  the  corresponding  term  for  heat,  is  quantity  per 
unit  area  per  unit  potential  gradient  per  unit  of  time.  The  dimensional  formula 
is  ZM^DT-^K^/L\M^L^T-^K-^/L)Tli  or  [r-^X]. 

Resistivity  is  the  reciprocal  of  conductivity.     The  dimensional  formula  is 

Conductance  of  any  part  of  an  electric  circuit,  not  containing  a  source  of 
electromotive  force,  is  the  ratio  of  the  current  flowing  through  it  to  the  difference 
of  potential  between  its  ends.  The  dimensional  formula  is  the  ratio  of  the  for- 
mulae for  current  and  potential  or  IM^DT-^K^/M^L^T-^K-^^  or  LLT-^K], 

Resistance  is  the  reciprocal  of  conductance.     The  dimensional  formula  is 

Exs.  —  Find  the  factor  for  converting  quantity  of  electricity  expressed  in  ft.-grain-sec.  units 
to  the  same  expressed  in  c.g.s.  units.  The  formula  is  [tnil^r^k^^i  ^  which  w-  0.0648, 
/  -  30.48,  /  =  I,  ^  =  i;  the  factor  is  0.0648!  x  30.48!,  or  42.8. 

Find  the  factor  required  to  convert  electric  potential  from  nmi-mg-sec.  units  to  c.g.s.  units. 
The  formula  is  [mi/J/~*^~i]],  in  which  m  »  o.ooi,  /-o.i,  /=i,  ife=i;  the  factor  is  o.ooii 
X  o.ii,  ofo.oi.  , 

Find  the  factor  required  to  convert  electrostatic  capacity  from  ft.-grain-isec.  and  specific- 
inductive  capacity  6  units  to  c.g.s.  units.  The  formula  is  [Ik]  in  which  /  -  30.48,  k  =  6]  the 
factor  is  30.48  x  6,  or  182.88. 


ELECTROMAGNETIC  SYSTEM. 

Many  of 'the  magnetic  quantities  are  analogues  of  certain  electric  quantities. 
The  dimensions  of  such  quantities  in  the  electroniagnetic  system  differ  from 
those  of  the  corresponding  electrostatic  quantities  in  the  electrostatic  system 
only  in  the  substitution  of  permeability  /jl  for  K, 
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Magnetic  Pole  Strength  or  Quantity  of  Magnetism  has  already  been  shown 
to  have  the  dimensional  formula  [M*L^r~^jLt*3- 

Magnetic  Flux  characterizes  the  magnetized  state  of  a  magnetic  circuit. 
Through  a  surface  inclosing  a  magnetic  pole  it  is  proportional  to  the  magnetic 
pole  strength.    The  dimensional  formula  is  that  for  magnetic  pole  strength. 

Magnetic  Field  Intensity  or  Magnetizing  Force  is  the  ratio  of  the  force  on  a 
magnetic  pole  placed  at  the  point  and  the  magnetic  pole  strength.  The  dimen- 
sional formula  is  therefore  the  ratio  of  the  formulae  for  a  force  and  magnetic 
quantity,  or  iMLT-^/M^DT-'fi^^  or  [MiL-^r-^/x"*]. 

Magnetic  Potential  or  Magnetomotive  Force  at  a  point  is  measured  by  the 
work  which  is  required  to  bring  unit  quantity  of  positive  magnetism  from  zero 
potential  to  the  point.  The  dimensional  formula  is  the  ratio  of  the  formulae  for 
work  and  magnetic  quantity,  [ML^T^V-M'*^*^^*]  or  iM^DT-^/jr^']' 

Magnetic  Moment  is  the  product  of  the  pole  strength  by  the  length  of  the 
magnet.    The  dimensional  formula  is  [M*Z,5  Z^i/x*]. 

Intensity  of  Magnetization  of  any  portion  of  a  magnetized  body  is  the  ratio 
of  the  magnetic  moment  of  that  portion  and  its  volume.  The  dimensional 
formula  is  [Af  »L5r-i/iV^']  or  CM*Z-»r-i/x*]. 

Magnetic  Induction  is  the  magnetic  flux  per  unit  of  area  taken  perpendicular' 
to  the  direction  of  the  magnetic  flux.  The  dimensional  formula  is  [_M^L*  T-^y}/U^ 
or  CAf*L-*r-V*]. 

Magnetic  Susceptibility  is  the  ratio  of  intensity  of  magnetization  produced 
and  the  intensity  of  the  magnetic  field  producing  it.  The  dimensional  formula 
is  [Jlf»L-*r-iMi/M»L-*r-iiLt"*]  or  [>]. 

Current)  /,  flowing  in  circle,  radius  r,  creates  magnetic  field  at  its  center, 
27r//r.  Dimensional  formula  is  product  of  formulae  for  magnetic  field  intensity 
and  length  or  [M*L*r-V~*]- 

Quantity  of  Electricity  is  the  product  of  the  current  and  time.  The  dimen- 
sional formula  is  [ilf *L*/x~*]- 

Electric  Potential,  or  Electromotive  Force,  as  in  the  electrostatic  system,  is 
the  ratio  of  work  to  quantity  of  electricity.  The  dimensional  formula  is  [MUT^^/ 
M^L^^'^']  or  Cil/*Lir-V]. 

Electrostatic  Capacity  is  the  ratio  of  quantity  of  electricity  to  difference  of 
potential.    The  dimensional  formula  is  [L~^7^/x~^]. 

Resistance  of  a  Conductor  is  the  ratio  of  the  difference  of  pK)tential  be- 
tween its  ends  and  the  constant  current  flowing.  The  dimensional  formula  is 
[A/*L3r-V/Af*L*r-y"i]  or  [Lr-ijLt]. 

Conductance  is  the  reciprocal  of  resistance,  and  the  dimensional  formula  is 

Conductivity  is  the  quantity  of  electricity  transmitted  per  unit  area  per  unit 
potential  gradient  per  unit  of  time.  The  dimensional  formula  is  [Af*Z/*)Lt~V 
LHM^L^T-^fjii/L)  r]  or  [L-^r/x"-^]. 
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Resistivity  is  the  reciprocal  of  conductivity  as  just  defined.  The  dimensional 
formula  is  [L*r~Vj. 

Self-inductance  is  for  any  circuit  the  electromotive  force  produced  in  it  by 
unit  rate  of  variation  of  the  current  through  it.  The  dimensional  formula  is 
the  product  of  the  formulae  for  electromotive  force  and  time  divided  by  that 
for  current  or  [M^Lir^M*  X  T  -s-  Af*L*r-V-*]  or  [L/a]. 

Mutual  Inductance  of  two  circuits  is  the  electromotive  force  produced  in  one 
per  unit  rate  of  variation  of  the  current  in  the  other.  The  dimensional  formula 
is  the  same  as  for  self-inductance. 

Electric  Field  Intensity  is  the  ratio  of  electric  potential  or  electromotive  force 
and  length.    The  dimensional  formula  is  [M*L*J^^/x*j. 

Magnetic  Reluctance  is  the  ratio  of  magnetic  potential  difference  to  magnetic 
flux.    The  dimensional  formula  fe  ZL'^IJr^^, 

Thermoelectric  Power  is  measured  by  the  ratio  of  electromotive  force  and 
temperature.    The  dimensional  formula  is  [3fiL^r~*jLt*9""*]. 

Coefficient  of  Peltier  Effect  is  measured  by  the  ratio  of  the  quantity  of  heat 

and  quantity  of  electricity.     The  dimensional  formula  is  [AfZ/2J^V-^*^*M~*]  or 
[Af*L5  J^^/x*],  the  same  as  for  electromotive  force. 

Exs.  —  Find  Ihe  factor  required  to  convert  intensity  of  magnetic  field  from  ft.-grain-min. 
units  to  c.g.s.  units.  The  formula  is  [f»*/"J/~*/x~i];  m  »  0.0648,  -/-  30.48,  <  -  60,  and  fi='i; 
the  factor  is  o.o648i  X  30.48"**,  or  0.046108. 

How  many  c.g.s.  units  of  magnetic  moment  make  one  ft.-grain-sec.  unit  of  the  same  quan- 
tity? The  formula  is  [wi/lp^/xi]];  m  »  0.0648,  /»  30.48,  <  -  i,  and  fi  "  1;  the  number  is 
0.0648*  X  30.488,  or  1305.6. 

If  the  intensity  of  magnetization  of  a  steel  bar  is  700  in  c.g.s.  units,  what  will  it  be  in  mm- 
mg-sec.  units?  The  formula  is  [mi/ir'^juJ]];  m  -  1000,  /»io,  /-i,  ft^  1;  the  intensity  is 
700  X  loooi  X  loi,  or  70000. 

Find  the  factor  required  to  convert  current  from  c.g.s.  units  to  earth-quadrant- lo"^  gram- 
sec,  units.  The  formula  is  [mi/i/"*/*"*];  w  -  lo*^  /  -  io~*,  M  ■  iJ  the  factor  is  loVx  lo'l, 
or  10. 

Find  the  factor  required  to  convert  resistance  expressed  in  c.g.s.  units  into  the  same  expressed 
in  earth-quadrant-io~*^  gram-sec.  uiiits.  The  formula  is  [//"Wi  -^  "  io~*i  ^-  i»  /*  -  i;  the 
factor  is  lo"*. 

FUNDAMENTAL  STANDARDS. 

The  choice  of  the  nature  of  the  fundamental  quantities  already  made  does 
not  sufficiently  define  the  system  for  measurements.  Some  definite  imit  or 
arbitrarily  chosen  standard  must  next  be  taken  for  each  of  the  fundamental 
quantities.  This  fundamental  standard  should  have  the  qualities  of  perma- 
nence, reproducibility  and  availability  and  be  suitable  for  accurate  measures. 
Once  chosen  and  made  it  is  called  the  primary  standard  and  is  generally  kept 
at  some  central  bureau,  —  for  instance,  the  International  Bureau  of  Weights 
and  Measures  at  Sevres,  France.  A  primary  standard  may  also  be  chosen  and 
made  for  derived  units  (e.g.,  the  international  ohm  standard),  when  it  is  simply 
a  standard  closely  representing  the  unit  and  accepted  for  practical  purposes, 
its  value  having  been  fixed  by  certain  measuring  processes.    Secondary  or  refer- 
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ence  standards  are  accurately  compared  copies,  not  necessaniy  duplicates,  of 
the  primaries  for  use  in  the  work  of  standardizing  laboratories  and  the  produc- 
tion of  working  standards  for  everyday  use. 

Standard  of  Lenc;tili.  —  The  primary  standard  of  length  which  now  almost 
uniysisally  serves  as  the  basis  for  physical  measurements  is  the  meter.  It  is 
defined  as  the  distance  between  two  lines  at  o°  C  on  a  platinum-iridium  bar 
deposited  at  the  International  Bureau  of  Weights  and  Measures.  This  bar  is 
known  as  the  International  Prototype  Meter,  and  its  length  was  derived  from 
the  **m6tre  des  Archives,"  which  was  made  by  Borda.  Borda,  Delambre,  Laplace, 
and  others,  acting  as  a  conunittee  of  the  French  Academy,  recommended  that 
the  standard  unit  of  length  should  be  the  ten-millionth  part  of  the  length,  from 
the  equator  to  the  pole,  of  the  meridian  passing  through  Paris.  In  1795  the 
French  Republic  passed  a  decree  making  this  the  legal  standard  of  length,  and 
an  arc  of  the  meridian  extending  from  Dunkirk  to  Barcelona  was  measured  by 
Delambre  and  Mechain  for  the  purpose  of  realizing  the  standard.  From  the 
results  of  that  measurement  the  meter  bar  was  made  by  Borda.  The  meter  is 
now  defined  as  above  and  not  in  terms  of  the  meridian  length;  hence  subsequent 
measures  of  the  length  of  the  meridian  have  not  affected  the  length  of  the  meter. 

Standard  of  Mass.  —  The  primary  standard  of  mass  now  almost  universally 
used  as  the  basis  for  physical  measurements  is  the  kilogram.  It  is  defined  as 
the  mass  of  a  certain  piece  of  platinum-iridium  deposited  at  the  International 
Bureau  of  Weights  and  Measures.  This  standard  is  known  as  the  International 
Prototype  Kilogram.  Its  mass  is  equal  to  that  of  the  older  standard,  the  "kilo- 
gram des  Archives,"  made  by  Borda  and  intended  to  have  the  same  mass  as  a 
cubic  decimeter  of  distilled  water  at  the  temperature  of  4*^  C. 

Copies  of  the  International  Prototype  Meter  and  Kilogram  are  possessed  by 
die  various  governments  and  are  called  National  Protot3T)es. 

Standard  of  Time.  —  The  unit  of  time  universally  used  is  the  second.  It  is 
the  mean  solar  second,  or  the  86400th  part  of  the  mean  solar  day.  It  is  founded 
on  the  average  time  required  for  the  earth  to  make  one  rotation  on  its  axis  rela- 
tively to  the  sun  as  a  fixed  point  of  reference. 

Standard  of  Temperature.  —  The  standard  scale  of  temperature  as  adopted 
by  the  International  Committee  of  Weights  and  Measures  (1887)  depends  on 
the  constant-volume  hydrogen  thermometer.  The  hydrogen  is  taken  at  an 
initial  pressure  at  o''  C  of  one  meter  of  mercury,  o*^  C,  sea-level  at  latitude  45**. 
The  scale  is  defined  by  designating  the  temperature  of  melting  ice  as  0°  and  of 
condensing  steam  as  100°  under  standard  atmospheric  pressure.  This  is  known 
as  the  Centigrade  scale  (abbreviated  C). 

A  scale  independent  of  the  properties  of  any  particular  substance,  and  called 
the  thermodynamic,  or  absolute  scale,  was  proposed  in  1848  by  Lord  Kelvin. 
In  it  the  temperature  is  proportional  to  the  average  kinetic  energy  per  molecule 
of  a  perfect  gas.  The  temperature  of  melting  ice  is  taken  as  273.13°,  that  of 
the  boiling  point,  373.13*^.  The  scale  of  the  hydrogen  thermometer  varies  from 
it  only  in  the  sense  that  the  behavior  of  hydrogen  departs  from  that  of  a  perfect 
gas.    It  is  customary  to  refer  to  this  scale  as  the  Kelvin  scale  (abbreviated  K). 
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NUMERICALLY  DIFFERENT  SYSTEMS  OF  UNITS.. 

The  fundamental  physical  quantities  which  form  the  basis  of  a  system  for 
measurements  have  been  chosen  and  the  fundamental  standards  selected  and 
made.  Custom  has  not  however  generally  used  these  standards  for  the  meas- 
urement of  the  magnitudes  of  quantities  but  rather  multiples  or  submultiples  of 
them.  For  instance,  for  very  small  quantities  the  micron  (jjl)  or  one-millionth 
of  a  meter  is  often  used.  The  following  table  ^  gives  some  of  the  systems  pro- 
posed, all  built  upon  the  fundamental  standards  already  described.  The  centi- 
meter-gram-second (cm-g-sec.  or  c.g.s.)  system  proposed  by  Kelvin  is  the  only 
one  generally  accepted. 

Table  |. 
PROPOSED  SYSTEMS  OF  UNITS- 


Weber 

and 

Gauss 

Kelvin 
c.g.s. 

Moon 
1891 

Giorgi 
MKS 
(Prim. 
Stds.) 

France 
1914 

B.  A. 

Com., 

1863 

Practical 
(B.A. 
Com., 

1873) 

Strout 
1891 

Length 
Mass 

Time 

mm 
mg 

sec. 

cm 
g 

sec. 

dm 
Kg 

10 

m 
Kg 

sec. 

m 
io«g 

m 
g 

sec. 

10*  cm 
10-11  g 

sec. 

10®  cm 
io-*g 

se\«. 

Further  the  choice  of  a  set  of  fundamental  physical  quantities  to  form  the  basis 
of  a  system  does  not  necessarily  determine  how  that  system  shall  be  used  in 
measurements.  In  fact,  upon  any  sufficient  set  of  fundamental  quantities,  a 
great  many  different  systems  of  units  may  be  built.  The  electrostatic  and  elec- 
tromagnetic systems  are  really  systems  of  electric  quantities  rather  than  units. 
They  were  based  upon  the  relationships  F^QQ^Kr^  and  mm'/ixr^y  respec- 
tively. Systems  of  units  built  upon  a  chosen  set  of  fundamental  physical  quan- 
tities may  differ  in  two  ways:  (i)  the.  units  chosen  for  the  fundamental  quanti- 
ties may  be  different;  (2)  the  defining  equations  by  which  the  system  is  built 
may  be  different. 

The  electrostatic  system  generally  used  is  based  on  the  centimeter,  gram, 
second,  and  dielectric  constant  of  a  vacuum.  Other  systems  have  appeared, 
differing  from  this  in  the  first  way,  —  for  instance  using  the  foot,  grain  and  second 
in  place  of  the  centimeter,  gram  and  second.  A  system  differing  from  it  in  the 
second  way  is  that  of  Heaviside  which  introduces  the  factor  47r  at  different 
places  than  is  usual  in  the  equations.  There  are  similarly  several  systems  of 
electromagnetic  units  in  use. 

Gaussian  Systems.  — "The  complexity  of  the  interrelations  of  the  units  is 
increased  by  the  fact  that  not  one  of  the  systems  is  used  as  a  whole,  consistently 
for  all  electromagnetic  quantities.  The  'systems'  at  present  used  are  therefore 
combinations  of  certain  of  the  systems  of  units. 

^  Circular  60  of  the  Bureau  of  Standards,  Electric  Units  and  Standards,  1916.  The  subse- 
quent matter  in  this  introduction  is  based  uix>n  this  circular. 
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"Some  writers  *  on  the  tkeory  of  electricity  prefer  to  use  what  is  called  a  Gaus- 
sian system,  a  combination  of  electrostatic  units  for  purely  electrical  quantities 
and  electromagnetic  units  for  magnetic  quantities.  There  are  two  such  Gaus- 
sian systems  in  vogue,  —  one  a  combination  of  c.g.s.  electrostatic  and  c.g.s  elec- 
tromagnetic systems,  and  the  other  a  combination  of  the  two  corresponding 
HeaNdside  systems. 

"When  a  Gaussian  system  is  used,  caution  is  necessary  when  an  equation 
contains  both  electric  and  magnetic  quantities.  A  factor  expressing  the  ratio 
between  the  electrostatic  and  electromagnetic  units  of  one  of  the  quantities 
has  to  be  introduced.  This  factor  is  the  first  or  second  power  of  c,  the  number 
of  electrostatic  units  of  electric  charge  in  one  electromagnetic  imit  of  the  same. 
There  is  sometimes  a  question  as  to  whether  electric  current  is  to  be  expressed 
in  electrostatic  or  electromagnetic  units,  since  it  has  both  electric  and  magnetic 
attributes.    It  is  usually  expressed  in  electrostatic  units  in  the  Gaussian  system." 

It  may  be  observed  from  the  dimensions  of  K  given  in  Table  i  that  [i/  Kfji] 
=  C^V^]  which  has  the  dimensions  of  a  square  of  a  velocity.  This  velocity 
was  found  experimentally  to  be  equal  to  that  of  light,  when  K  and  /x  were  ex- 
pressed in  the  same  system  of  units.  Maxwell  proved  theoretically  that  i/\/A'/x 
is  the  velocity  of  any  electromagnetic  wave.  This  was  subsequently  proved 
experimentally.  When  a  Gaussian  system  is  used,  this  equation  becomes  cj^J  K\x 
=  r.  For  the  ether  /C  =  i  in  electrostatic  units  and  jlc  »  i  in  electromagnetic 
units.  Hence  c  =  r  for  the  ether,  or  the  velocity  of  an  electromagnetic  wave  in 
the  ether  is  equal  to  the  ratio  of  the  c.g.s.  electromagnetic  to  the  c.g.s.  electro- 
static unit  of  electric  charge.  This  constant  c  is  of  primary  importance  in  elec- 
trical theory.    Its  most  probable  value  is  2.9986  x  10^®  centimeters  per  second. 

"  Practical "  Electromagnetic  System.  —  This  electromagnetic  system  is 
based  upon  the  units  of  10^  cm,  io~"  gram,  the  sec.  and  /a  of  the  ether.  It  is 
never  used  as  a  complete  system  of  units  but  is  of  interest  as  the  historical  basis 
of  the  present  International  System.  The  principal  quantities  are  the  resistance 
unit,  the  ohm  =  lo*  c.g.s.  units;  the  current  unit,  the  ampere  «  io~^  cg.s.  units; 
and  the  electromotive  force  unit,  the  volt  =  10^  c.g.s.  units. 

The  Intemational  Electric  Units.  —  The  units-  used  in  practical  measurements, 
however,  are  the  " Intemational  Units."  They  were  derived  from  the  "practical " 
system  just  described,  or  as  the  latter  is  sometimes  called,  the  "absolute"  sys- 
tem. These  intemational  units  are  based  upon  certain  concrete  standards  pres- 
ently to  be  defined  and  described.  With  such  standards  electrical  comparisons 
can  be  more  accurately  and  readily  made  than  could  absolute  measurements  in 
terms  of  the  fundamental  units.  Two  electric  units,  the  international  ohm  and 
the  intemational  ampere,  were  chosen  and  made  as  nearly  equal  as  possible  to 
the  phm  and  ampere  of  the  "practical"  or  "absohite"  system. 

*  For  example,  A.  G.  Webster,  "Theory  of  Electricity  and  Magnetism,"  1897;  J.  H.  Jeans, 
"Electricity  and  magnetism,"  191 1;  H.  A.  Lorentz,  "The  Theory  of  Electrons,"  1909;  and 
0.  W.  Richardson,  "The  Electron  Theory  of  Matter,"  1914. 
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This  system  of  units,  sufficiently  near  to  the  "absolute"  system  for  the  pur- 
pose of  electrical  measurements  and  as  a  basis  for  legislation,  was  defined  as 
follows: 

"i.  The  International  0km  is  the  resistance  offered  to  an  unvarying  electric 
current  by  a  column  of  mercury  at  the  temperature  of  melting  ice,  14.4521  grams 
in  mass,  of  a  constant  cross-sectional  area  and  of  a  length  of  106.300  centimeters. 

"2.  The  International  Ampere  is  the  unvarying  electric  current  which,  when 
passed  through  a  solution  of  nitrate  of  silver  in  water,  in  accordance  with  speci- 
fication n  attached  to  these  Resolutions,  deposits  silver  at  the  rate  of  0.00111800 
of  a  gram  per  second. 

"3.  The  International  Volt  is  the  electrical  pressure  which,  when  steadily 
applied  to  a  conductor  the  resistance  of  which  is  6ne  international  ohm  will  pro- 
duce a  current  of  one  international  ampere. 

"4.  The  International  Watt  is  the  energy  expended  per  second  by  an  unvary- 
ing electric  current  of  one  international  ampere  under  the  pressure  of  one  inter- 
national volt." 

In  accordance  with  these  definitions,  a  value  was  established  for  the  electro- 
motive force  of  the  recognized  standard  of  electromotive  force,  the  Weston 
normal  cell,  as  the  result  of  international  cooperative  experiments  in  1910.  The 
value  was  1.0183  international  volts  at  20°  C. 

The  definitions  by  the  1908  International  Conference  supersede  certain  defini- 
tions adopted  by  the  International  Electrical  Congress  at  Chicago  in  1893.  Cer- 
tain of  the  units  retain  their  Chicago  definitions,  however.    They  are  as  follows: 

^^  Coulomb,  As  a  unit  of  quantity,  the  International  Coulomb^  which  is  the 
quantity  of  electricity  transferred  by  a  current  of  one  international  ampere 
in  one  second. 

y  Farad.  As  a  unit  of  capacity,  the  International  Farads  which  is  the  capacity 
of  a  condenser,  charged  to  be  a  potential  of  one  international  volt  by  one 
international  coulomb  of  electricity. 

"Joide.  As  a  unit  of  work,  the  Joule,  which  is  equal  to  10^  units  of  work  in 
the  c.g.s.  system,  and  which  is  represented  sufficiently  well  for  practical  use 
by  the  energy  expended  in  one  second  by  an  international  ampere  in  an 
international  ohm. 

"  Henry.  As  the  unit  of  induction,  the  Henry,  which  is  the  induction  in  a 
circuit  when  the  electromotive  force  induced  in  this  circuit  is  one  interna- 
tional volt,  while  the  inducing  current  varies  at  the  rate  of  one  ampere  per 
second." 

"The  choice  of  the  ohm  and  ampere  as  fundamental  was  purely  arbitrary. 
These  are  the  two  quantities  directly  measured  in  absolute  electrical  measure- 
ments. The  ohm  and  volt  have  been  urged  as  more  suitable  for  definition  in 
terms  of  arbitrary  standards,  because  the  primary  standard  of  electromotive 
force  (standard  cell)  has  greater  simplicity  than  the  primary  sta^ndard  of  current 
(silver  voltameter).  The  standard  cell  is  in  fact  used,  together  with  resistance 
standards,  for  the  actual  maintenance  of  the  units,  rather  than  the  silver  vol- 
tameter and  resistance  standards.    Again,  the  volt  and  ampere  have  some  claim 


XXXVm  INTRODUCTION. 

for  consideration  for  fundamental  definition,  both  being  units  of  quantities 
more  fundamental  in  electrical  theory  than  resistance." 

For  all  practical  purposes  the  "international"  and  the  "practical"  or  "abso- 
lute "  units  are  the  same.  Experimental  determination  of  the  ratios  of  the  corres- 
ponding units  in  the  two  systems  have  been  made  and  the  mean  results  are 
given  in  Table  382.  These  ratios  represent  the  accuracy  with  which  it  was  possible 
to  fix  the  values  of  the  international  ohm  and  ampere  at  the  time  they  were 
defined  (London  Conference  of  1908).  It  is  unlikely  that  the  definitions  of  the 
international  units  will  be  changed  in  the  near  future  to  make  the  agreement 
any  closer.  An  act  approved  July  12,  1894,  makes  the  International  units  as 
above  defined  the  legal  units  in  the  United  States  of  America. 

THE  STANDARDS  OF  THE  INTERNATIONAL  ELECTRICAL 

UNITS. 

RESISTANCE 

Resistance.  —  The  definition  of  the  international  ohm  adopted  by  the  London 
Conference  in  1908  is  accepted  practically  everywhere. 

Mercury  Standards.  —  Mercury  standards  conforming  to  the  definition  were 
constructed  in  England,  France,  Germany,  Japan,  Russia  and  the  United  States. 
Their  mean  resistances  agree  to  about  two  parts  in  100,000.  To  attain  this 
accuracy,  elaborate  and  painstaking  experiments  were  necessary.  Tubes  are 
never  quite  uniform  in  cross-section;  the  accurate  measurement  of  the  mass  of 
mercury  filling  the  tube  is  diflScult,  partly  because  of  a  surface  film  on  the  walls 
of  the  tube;  the  greatest  refinements  are  necessary  in  determining  the  length  of 
the  tube.  In  the  electrical  comparison  of  the  resistance  with  wire  standards, 
the  largest  source  of  error  is  in  the  filling  of  the  tube.  These  and  other  sources 
of  error  necessitated  a  certain  uniformity  in  the  setting  up  of  mercury  standards 
and  at  the  London  Conference  the  following  specifications  were  drawn  up: 

SPECIFICATION  RELATING  TO  MERCURY  STANDARDS  OF  RESISTANCE. 

The  glass  tubes  used  for  mercury  standards  of  resistance  must  be  made  of  a  glass  such  that 
the  dimensions  may  remain  as  constant  as  pcesible.  The  tubes  must  be  well  annealed  and  straight. 
The  bore  must  be  as  nearly  as  possible  uniform  and  circular,  and  the  area  of  cross-section  of  the 
bore  must  be  approximately  one  square  millimeter.  The  mercury  must  have  a  resistance  of 
approximately  one  ohm. 

Each  of  the  tubes  must  be  accurately  calibrated.  The  correction  to  be  applied  to  allow  for 
the  area  of  the  cross-section  of  the  bore  not  being  exactly  the  same  at  all  parts  of  the  tube  must 
not  exceed  5  parts  in  10,000. 

The  mercury  filling  the  tube  must  be  considered  as  bounded  by  plane  surfaces  placed  in 
contact  with  the  ends  of  the  tube. 

The  length  of  the  axis  of  the  tube,  the  mass  of  mercury  the  tube  contains,  and  the  electrical 
resistance  of  the  mercury  are  to  be  determined  at  a  temperature  as  near  to  0°  C  as  possible. 
The  measurements  are  to  be  corrected  to  o®  C. 

For  the  purpose  of  the  electrical  measurements,  end  vessels  carrying  connections  for  the 
current  and  potential  terminals  are  to  be  fitted  on  to  the  tube.  These  end  vessels  are  to  be 
spherical  in  shape  (of  a  diameter  of  approximately  four  centimeters)  and  should  have  cylindrical 
pieces  attached  to  make  connections  with  the  tubes.    The  outside  edge  of  each  end  of  the  tube 
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is  to  be  coincident  with  the  inner  surface  of  the  corresponding  end  vessel.  The  leads  which  make 
contact  with  the  mercury  are  to  be  of  thin  platinum  wire  fused  into  glass.  The  point  of  entry 
of  the  current  lead  and  the  end  of  the  tube  are  to  be  at  opposite  ends  of  a  diameter  of  the  bulb; 
the  potential  lead  is  to  be  midway  between  these  two  points.  All  the  leads  must  be  so  thin 
that  no  error  in  the  resistance  is  introduced  through  conduction  Of  heat  to  the  mercury.  The 
filling  of  the  tube  with  mercury  for  the  purpose  of  the  resistance  measurements  must  be  carried 
out  under  the  same  conditions  as  the  filling  for  the  determination  of  the  mass. 

The  resistance  which  has  to  be  added  to  the  resistance  of  the  tube  to  allow  for  the  effect  of 
the  end  vessels  is  to  be  calculated  by  the  formula 

.       0.80   /i      I  \    . 
io63ir  \rx     nj 

where  r\  and  rj  are  the  radii  in  millimeters  of  the  end  sections  of  the  bore  of  the  tube. 

The  mean  of  the  calculated  resistances  of  at  least  five  tubes  shall  be  taken  to  determine  the 
value  of  the  unit  of  resistance. 

For  the  purpose  of  the  comparison  of  resistances  with  a  mercury  tube  the  measurements 
shall  be  made  with  at  least  three  separate  fillings  of  the  tube. 

Secondary  Standards.  —  Secondary  standards,  derived  from  the  mercury 
standards  and  used  to  give  values  to  working  standards,  are  certain  coils  of 
manganin  wire  kept  in  the  national  laboratories.  Their  resistances  are  adjusted 
to  correspond  to  the  unit  or  its  decimal  multiples  or  submultiples.  The  values 
assigned  to  these  coils  are  checked  from  time  to  time  with  the  similar  coils  of 
the  other  countries.  The  value  now  in  use  is  based  on  the  comparison  made 
at  the  U.  S.  Bureau  of  Standards  in  1910  and  may  be  called  the  "  1910  ohm." 
Later  measurements  on  various  mercury  standards  checked  the  value  then  used 
within  2  parts  in  100,000.  Thus  the  basis  of  resistance  measurement  is  main- 
tained not  by  the  mercury  standards  of  a  single  laboratory,  but  by  all  the  mer- 
cury standards  of  the  various  national  laboratories;  it  is  furthermore  the  same 
in  all  countries,  except  for  very  slight  outstanding  discrepancies  due  to  the 
errors  of  measurement  and  variations  of  the  standards  with  time. 

Resistance  Standards  in  Practice.  —  In  ordinary  measurements,  working 
standards  of  resistance  are  usually  coils  of  manganin  wire  (approximately  84 
per  cent  Cu  +  12  per  cent  Mn  -f-  4  per  cent  Ni).  They  are  generally  used  in  oil 
which  carries  away  the  heat  developed  by  the  current  and  facilitates  regulation 
and  measurement  of  the  temperature.  The  best  type  is  inclosed  in  a  sealed  case 
for  protection  against  atmospheric  humidity.  Varying  humidity  changes  the 
resistance  of  open  coils  often  to  several  parts  in  10,000  higher  in  summer  than 
in  winter.  While  sealed  i  ohm  and  o.i  ohm  coils  may  remain  constant  to  about 
I  part  in  100,000. 

Absolute  Ohm.  —  The  absolute  measurement  of  resistance  involves  the  pre- 
cise determination  of  a  length  and  a  time  (usually  an  angular  velocity)  in  a 
medium  of  unit  permeability.  Since  the  dimensional  formula  of  resistance  in 
the  electromagnetic  system  is  [L/x/ J],  such  an  absolute  measurement  gives  R 
not  in  cm/sec.  but  in  cm  x  jLt/sec  The  definitions  of  the  ohm,  ampere  and 
volt  by  the  1908  London  conference  tacitly  assume  a  permeability  equal  to 
unity.  The  relation  of  the  international  ohm  to  the  absolute  ohm  has  been 
measured  in  different  ways  involving  revolving  coil,  revolving  disk,  and  alter- 
nate current  methods.     Probably  the  most  accurate  determination  was  made 
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in  1913  by  F.  E.  Smith  of  the  National  Physical  Laboratory  of  England,  using 
a  modification  of  the  Lorentz  revolving  disk  method.    His  result  was 

I  international  ohm  =  1.00052  =*»  0.00004  absolute  ohms, 

or,  in  other  words,  while  one  international  ohm  is  represented  by  a  mercury, 
colunm  106.300  cm  long  as  specified  above,  one  absolute  ohm  requires  a  similar 
colunm  106.245  cm  long.  Table  305  of  the  6th  revised  edition  of  these  tables 
contains  data  relative  to  the  various  determinations  of  the  ohm. 

CURRENT. 

The  Silver  Voltameter. — The  silver  voltameter  is  a  concrete  means  of  meas- 
uring current  in  accordance  with  the  definition  of  the  international  ampere.  As 
used  for  the  realization  of  the  international  ampere  "it  consists  of  a  platinum 
cathode  in  the  form  of  a  cup  holding  the  silver  nitrate  solution,  a  silver  anode 
partly  or  wholly  immersed  in  the  solution,  and  some  means  to  prevent  anode 
slime  and  particles  of  silver  mechanically  detached  from  the  anode  from  reach- 
ing the  cathode.  As  a  standard  representing  the  international  ampere,  the 
silver  voltameter  includes  also  the  chronometer  used  to  measure  time.  The 
degree  of  purity  and  the  mode  of  preparation  of  the  various  parts  of  the  vol- 
tameter aflFect  the  mass  of  the  deposit.  There  are  numerous  sources  of  error,  and 
the  suitability  of  the  silver  voltameter  as  a  primary  standard  of  current  has 
been  under  investigation  since  1893.  Differences  of  as  much  as  o.i  per  cent  or 
more  may  be  obtained  by  different  procedures,  the  larger  differences  being 
mainly  due  to  impurities  produced  in  the  electrolyte  (by  filter  paper,  for  instance). 
Hence,  in  order  that  the  definition  of  current  be  precise,  it  must  be  accompanied 
by  specifications  for  using  the  voltameter." 

The  original  specifications  were  recognized  to  be  inadequate  and  an  inter- 
national committee  on  electrical  units  and  standards  was  appointed  to  com- 
plete the  specifications.  It  was  also  recognized  that  in  practice  standard  cells 
would  replace  secondary  current  standards  so  that  a  value  must  be  fixed  for  the 
electromotive  force  of  the  Weston  normal  cell.  This  was  attempted  in  1910  at 
the  Bureau  of  Standards  by  representatives  of  that  institution  together  with 
one  delegate  each  from  the  Physikalische-Technische  Reichanstalt,  The  National 
Physical  Laboratory  and  the  Laboratoire  Central  d'Electricite.  Voltameters 
from  all  four  institutions  were  put  in  series  under  a  variety  of  experimental  con- 
ditions. Standard  Weston  cells  and  resistance  standards  of  the  four  laboratories 
were  also  intercompared.  From  the  joint  comparison  of  standard  cells  and 
silver  voltameters  particular  values  were  assigned  to  the  standard  cells  from 
each  laboratory.  The  different  countries  thus  have  a  common  basis  of  measure- 
ment maintained  by  the  aid  of  standard  cells  and  resistance  standards  derived 
from  the  international  voltameter  investigation  of  1910. 

It  was  not  found  possible  to  draw  up  satisfactory  and  final  specifications  for 
the  silver  voltameter.  Provisional  specifications  were  submitted  by  the  U.  S. 
Bureau  of  Standards  and  more  complete  specifications  have  been  proposed  in 
correspondence  between  the  national  laboratories  and  members  of  the  inter- 
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national  committee  since  1910,  but  no  agreement  upon  final  specifications  has 
yet  been  reached. 

Resistance  Standards  Used  in  Current  Measurements.  —  Precise  measure- 
ments of  currents  require  a  potentiometer,  a  standard  cell  and  a  resistance 
standard.  The  resistance  must  be  so  designed  as  to  carry  the  maximum  current 
without  undue  heating  and  consequent  change  of  resistance.  Accordingly  the 
resistance  metal  must  have  a  small  temperature  resistance  coefficient  and  a 
sufficient  area  in  contact  with  the  air,  oil,  or  other  cooling  fluid.  It  must  have 
a  small  thermal  electromotive  force  against  copper.  Manganin  satisfies  these 
conditions  and  is  usually  used.  The  terminals  of  the  standard  must  have  suffi- 
cient contact  area  so  that  there  shall  be  no  undue  heating  at  contacts.^  It  must 
be  so  designed  that  the  current  distribution  does  not  depend  upon  the  mode  of 
connection  to  the  circuit. 

Absolute  Ampere.  —  The  absolute  ampere  (io~^c.g.s.  electromagnetic  units) 
differs  by  a  negligible  amount  from  the  international  ampere.  Since  the  dimen- 
sional formula  of  the  current  in  the  electromagnetic  system  is[L*MV7')Lt*]  which 
is  equivalent  to  E^Vm*!  the  absolute  measurement  of  current  involves  funda- 
mentally the  measurement  of  a  force  in  a  medium  of  unit  permeabiUty.  In  most 
measurements  of  high  precision  an  electrodynamometer  has  been  used  of  the 
form  known  as  a  current  balance.  A  summary  of  the  various  determinations 
will  be  found  in  Table  293  of  the  6th  Revised  Edition  of  these  tables. 

The  best  value  is  probably  the  mean  of  the  determinations  made  at  the  U.  S. 
Bureau  of  Standards,  the  National  Physical  Laboratory  and  at  the  University 
of  Groningen,  which  gives 

I  international  ampere  »  0.99991  absolute  ampere. 

The  separate  values  were  0.99992,  0.99988  and  0.99994,  respectively.  "The 
result  may  also  be  expressed  in  terms  of  the  electrochemical  equivalent  of  silver, 
which,  based  on  the  '1910  mean  voltameter,'  thus  equals  0.00111810  g  per 
absolute  coulomb.  By  the  definition  of  the  international  ampere,  the  value  is 
0.00111800  g  per  international  coulomb." 

ELECTROMOTIVE  FORCE. 

Intemational  Volt  —  "The  international  volt  is  derived  from  the  interna- 
tional ohm  and  ampere  by  Ohm's  law.  Its  value  is  maintained  by  the  aid  of  the 
Weston  normal  cell.  The  national  standardizing  laboratories  have  groups  of 
such  cells,  to  which  values  in  terms  of  the  intemational  ohm  and  ampere  have 
been  assigned  by  intemational  experiments,  and  thus  form  a  basis  of  reference 
for  the  standardization  of  the  standard  cells  used  in  practical  measurements." 

Weston  Normal  Cell.  —  The  Weston  normal  cell  is  the  standard  used  to 
maintain  the  intemational  volt  and,  in  conjunction  with  resistance  standards, 
to  maintain  the  intemational  ampere.    The  cell  is  a  simple  voltaic  combination 

^  See  "Report  to  the  Intemational  Committee  on  Electrical  Units  and  Standards,"  191 2,  p. 
199.  For  the  Bureau  of  Standards  investigations  see  Bull.  Bureau  of  Standards,  9,  pp.  209,  493; 
10,  p.  47Si  1912-14;   I3i  P-  I47i  1915;  9,  P-  15I1  1912:   13,  pp.  447.  479i  1916. 
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having  its  anode  or  negative  electrode  of  cadmium  amalgam,  consisting  of  lo 
per  cent  by  weight  of  cadmium  and  90  per  cent  mercury.  The  cathode,  or  posi- 
tive electrode,  is  pure  mercury  covered  with  a  paste  consisting  of  mercurous 
sulphate,  cadmium-sulphate  crystals,  and  solution.  The  electrolyte  is  cadmium- 
sulphate  solution  in  contact  with  an  excess  of  cadmium-sulphate  cr)rstals.  The 
containing  vessel  is  of  glass,  usually  in  the  H  form.  Connection  is  made  to  the 
electrodes  by  platinum  wires  sealed  into  the  glass.  The  cells  are  sealed,  pref- 
erably hermetically,  and  in  use  are  submerged  in  a  constant-temperature  oil 
bath.  The  resistance  of  a  cell  is  about  600  to  1000  ohms.  The  Weston  cell  used 
with  potentiometers  is  not  the  Weston  normal  cell,  but  differs  from  it  only  slightly, 
the  cadmium-sulphate  solution  not  being  saturated.  It  is  described  in  the  next 
section  below. 

One  of  the  great  advantages  of  the  Weston  normal  cell  is  its  small  change  of 
electromotive  force  with  change  of  temperature.  At  any  temperature,  /  (centi- 
grade), between  0°  and  40°,  Et  =  £20  —  0.0000406  {I  —  20)  —  0.00000095  (/  —  20)* 
-j-  0.0000000 1  (/  —  20)^.  This  temperature  formula  was  adopted  by  the  London 
conference  of  1908.  That  this  formula  may  apply,  the  cell  must  be  of  a  strictly 
uniform  temperature  throughout.  One  leg  of  the  cell  has  a  large  positive  and 
the  other  leg  a  large  negative  temperature  coefficient.  If  the  temperature  of 
one  leg  changes  faster  than  the  other,  the  formula  does  not  hold. 

When  the  best  of  care  is  taken  as  to  purity  of  materials  and  mode  of  procedure, 
Weston  normal  cells  are  reproducible  within  i  part  in  100,000.  The  source  of 
the  greatest  variations  has  probably  been  in  the  mercurous  sulphate.  Cells  using 
the  best  samples  of  this  material  have  an  electromotive  force  the  constancy  of 
which  over  a  period  of  one  year  is  about  i  part  in  100,000.  Only  very  meager 
specifications  for  the  cell  have  as  yet  been  agreed  upon  internationally,  how- 
ever, and  the  procedures  in  various  laboratories  differ  in  some  respects.^ 

The  basis  of  measurements  of  electromotive  force  is  the  same  in  all  coun- 
tries as  the  result  of  the  joint  international  experiments  of  1910.  As  already 
stated,  a  large  number  of  observations  were  made  at  that  time  with  the  silver 
voltameter,  and  a  considerable  number  of  Weston  normal  cells  from  the  na- 
tional laboratories  of  England,  France,  Germany  and  the  United  States  were 
compared.  From  the  results  of  these  voltameter  experiments  and  from  resist- 
ance measurements,  the  value 

1.0183  international  volts  at  20®  C 

was  assigned  to  the  Weston  nomial  cell.    A  mean  of  the  groups  of  cells  from  the 
four  laboratories  was  taken  as  most  accurately  representing  the  Weston  normal 

^  For  the  preliminary  specifications  which  have  been  issued  and  the  reports  of  the  various 
investigations  on  the  standard  cells  see  the  following  references:  Preliminary  specifications, 
Wolff  and  Waters,  Bull.  B.  of  S.  3,  p.  623,  1907;  Clark  and  Weston  Standard  Cells,  Wolff  and 
Waters,  ditto,  4,  p.  i,  1907;  Temperature  formula  of  Weston  Standard  Cell,  ditto,  5,  p.  309, 
1908;  The  materials,  reproducibility,  etc,  of  the  Weston  Cell,  Helett,  Phys.  Rev.  22,  p.  321, 
1906;  23,  p.  166,  1906;  27,  pp.  33,  337,  1908;  Mercurous  sulphate,  etc.,  Steinwehr,  Zs.  fur 
Electroch.  12,  p.  578,  1906;  German  value  of  cell,  Jaeger  and  Steinwehr,  ditto,  28,  p.  367,  1908; 
National  Physical  Laboratory  researches,  Smith,  Phil.  Trans.  207,  p.  393,  1908;  On  the  Weston 
Cell,  Haga  and  Boerema,  Arch.  Neerland,  des  Sci.  Exactes,  3,  p.  324,  1913. 
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cell.  Each  laboratory  has  means  of  preserving  the  unit.  Any  discrepancies 
between  the  bases  of  the  different  countries  at  the  present  time  would  be  due 
only  to  possible  variations  in  the  reference  cells  of  the  national  laboratories. 
Such  discrepancies  are  probably  less  than  2  parts  in  100,000. 

The  figure  1.0183  has  been  in  use  since  January  i,  191 1.  The  value  used  in 
the  United  States  before  1911,  1.019126  at  20°  C  or  1.0189  at  25°  C,  was  as- 
signed to  a  certain  group  of  cells  maintained  as  the  standard  of  electromotive 
force  at  the  Bureau  of  Standards.  The  high  value  is  partly  due  to  the  use  of 
commercial  mercurous  sulphate  in  the  cells.  The  old  and  the  new  values,  1.01926 
and  1. 01 83,  thus  apply  to  different  groups  of  cells.  The  group  of  cells  to  which 
the  value  1.019126  was  assigned  before  1910  differed  by  26  microvolts  from  the 
mean  of  the  international  group,  such  that  the  international  group  to  which  the 
value  1.0183  is  now  assigned  had  the  value  1.019126  -j-  0.000026,  or  1.019152, 
in  terms  of  the  old  United  States  basis.  The  difference  between  1.019152  and 
1. 01 83  is  0.000852. 

The  electromotive  force  of  any  Weston  cell  as  now  given  is  therefore  0.000852 
volt  smaller  than  on  the  old  United  States  basis,  i.e.,  the  present  international 
volt  is  84  parts  in  100,000  larger  than  the  old  international  volt  of  the  United 
States. 

Upon  the  new  international  basis  the  Clark  cell  set  up  according  to  the  old 
United  States  legal  specifications  has  an  emf  of  1.43280  international  volts  at 
1 5°  C.  The  Clark  cell  set  up  (with  specially  purified  mercurous  sulphate)  accord- 
ing to  improved  specifications  used  at  the  Bureau  of  Standards  has  an  emf  of 
1.43250  international  volts  at  15*^  C  or  1.42637  at  20°  C. 

Portable  Weston  Cells.  —  The  standard  cell  used  in  practice  is  the  Weston 
portable  cell.  It  is  like  the  Weston  normal  cell  except  that  the  cadmium-sulphate 
solution  at  ordinary  temperatures  is  unsaturated.  As  usually  made,  the  cad- 
mium-sulphate solution  is  saturated  at  about  4°  C ;  at  higher  temperatures  the 
crystals  are  dissolved.  Plugs  of  asbestos  or  other  material  hold  the  chemicals 
in  place.  Its  resistance  is  usually  about  200  to  311  ohms.  The  change  of  emf, 
wholly  negligible  in  most  electrical  measurements,  is  less  than  o.ooooi  volt 
per  degree  C.  The  two  legs  of  the  cell  have  large  and  opposite  temperature 
coeflScients  so  that  care  must  be  taken  that  the  temperature  of  the  cell  is  kept 
uniform  and  the  cell  must  be  protected  from  draughts  or  large  changes  of  tem- 
perature. The  electromotive  force  of  a  portable  cell  ranges  from  1.0181  to 
1. 01 91  international  volts  and  must  be  determined  by  comparison  with  stand- 
ards.- It  decreases  very  slightly  with  time,  usually  less  than  o.oooi  volt  per 
year. 

Absolute  and  Semi-absolute  Volt  —  Since  the  direct  determination  of  the 
volt  in  absolute  measure  presents  great  difficulties,  it  is  derived  by  Ohm's  law 
from  the  absolute  measures  of  the  ohm  and  ampere.  From  the  absolute  values 
of  these  already  given, 

I  international  volt  =1.00043  absolute  volts. 

The  electromotive  force  of  the  Weston  normal  cell  at  20°  C  is  1.01830  interna- 
tional volts  and  i. 01874  absolute  volts.    A  semi-absolute  volt  is  that  potential 
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difference  which  exists  between  the  terminals  of  a  resistance  of  one  international 
ohm  when  the  latter  carries  a  current  of  one  absolute  ampere.  The  emf  of  the 
Weston  normal  cell  may  be  taken  as  1.01821  semi-absolute  volts  at  20^  C. 

QUANTITY  OF  ELECTRICITY. 

The  international  unit  of  quantity  of  electricity  is  the  coulomb.  The  faraday 
is  the  quantity  of  electricity  necessary  to  liberate  i  gram  equivalent  in  electroly- 
sis.   It  is  equivalent  to  96,500  coulombs.  ^ 

Standards.  —  There  are  no  standards  of  electric  quantity.  The  silver  voltam- 
eter may  be  used  for  its  measurement  since  under  ideal  conditions  the  mass 
of  metal  deposited  is  proportional  to  the  amount  of  electricity  which  has  flowed. 

CAPACITY. 

The  unit  generally  used  for  capacity  is  the  international  microfarad  or  the 
one-millionth  of  the  international  farad.  Capacities  are  commonly  measured 
by  comparison  with  standard  capacities.  The  values  of  the  standards  are  de- 
termined by  measurement  in  terms  of  resistance  and  time.  The  standard  is 
some  form  of  condenser  consisting  of  two  sets  of  metal  plates  separated  by  a 
dielectric.  The  condenser  should  be  surrounded  by  a  metal  shield  connected  to 
one  set  of  plates  rendering  the  capacity  independent  of  the  surroundings.  An 
ideal  condenser  would  have  a  constant  capacity  under  all  circumstances,  with  zero 
resistance  in  its  leads  and  plates,  and  no  absorption  in  the  dielectric.  Actual 
condensers  vary  with  the  temperature,  atmospheric  pressure,  and  the  voltage, 
frequency,  and  time  of  charge  and  discharge.  A  well-constructed  air  condenser 
with  heavy  metal  plates  and  suitable  insulating  supports  is  practically  free  from 
these  effects  and  is  used  as  a  standard  of  capacity. 

Practically  air  condenser  plates  must  be  separated  by  i  mm  or  mort  and  so 
cannot  be  of  great  capacity.  The  more  the  capacity  is  increased  by  approach- 
ing the  plates,  the  less  the  mechanical  stability  and  the  less  constant  the  capac- 
ity. Condensers  of  great  capacity  use  solid  dielectrics,  preferably  mica  sheets 
with  conducting  plates  of  tinfoil.  At  constant  temperature  the  best  mica  con- 
densers ate  excellent  standards.  The  dielectric  absorption  is  small  but  not  quite 
zero,  so  that  the  capacity  of  these  standards  with  different  methods  of  measure- 
ment must  be  carefully  determined. 

INDUCTANCE. 

The  henry,  the  unit  of  self-inductance,  is  also  the  unit  of  mutual  inductance. 
The  henry  has  been  known  as  the  "quadrant"  and  the  "secohm."  The  length 
of  a  quadrant  or  quarter  of  the  earth's  circumference  is  approximately  lo*  cms. 
and  a  henry  is  10*  cms.  of  inductance.  Secohm  is  a  contraction  of  second  and 
ohm;  the  dimensions  of  inductance  are  [^TR']  and  this  unit  is  based  on  the 
second  and  ohm. 

Inductance  Standards.  —  Inductance  standards  are  measured  in  international 
units  in  terms  of  resistance  and  time  or  resistance  and  capacity  by  alternate- 
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current  bridge  methods.  Inductances  calculated  from  dimensions  are  in  abso- 
lute electromagnetic  units.  The  ratio  of  the  international  to  the  absolute  henry 
is  the  same  as  the  ratio  of  the  corresponding  ohms. 

Since  inductance  is  measured  in  terms  of  capacity  and  resistance  by  the  bridge 
method  about  as  simply  and  as  conveniently  as  by  comparison  with  standard 
inductances,  it  is  not  necessary  to  maintain  standard  inductances.  They  are 
however  of  value  in  magnetic,  alternating-current,  and  absolute  electrical  meas- 
urements. A  standard  inductance  is  a  circuit  so  wound  that  when  used  in  a 
circuit  it  adds  a  definite  amount  of  inductance.  It  must  have  either  such  a 
form  or  so  great  an  inductance  that  the  mutual  inductance  of  the  rest  of  the 
circuit  upon  it  may  be  negligible.  It  usually  is  a  wire  coil  wound  all  in  the  same 
direction  to  make  self-induction  a  maximum.  A  standard,  the  inductance  of 
which  may  be  calculated  from  its  dimensions,  should  be  a  single  layer  coil  of 
very  simple  geometrical  form.  Standards  of  very  small  inductance,  calculable 
from  their  dimensions,  are  of  some  simple  device,  such  as  a  pair  of  parallel  wires 
or  a  single  turn  of  wire.  With  such  standards  great  care  must  be  used  that  the 
mutual  inductance  upon  them  of  the  leads  and  other  parts  of  the  circuit  is  negli- 
gible. Any  inductance  standard  should  be  separated  by  long  leads  from  the 
measuring  bridge  or  other  apparatus.  It  must  be  wound  so  that  the  distributed 
capacity  between  its  turns  is  negligible;  otherwise  the  apparent  inductance  will 
vary  with  the  frequency. 

POWER   AND   ENERGY. 

Power  and  energy,  although  mechanical  and  not  primarily  electrical  quanti- 
ties, are  measurable  with  greater  precision  by  electrical  methods  than  in  any 
other  way.  The  watt  and  the  electric  units  were  so  chosen  in  terms  of  the  c.g.s. 
units  that  the  product  of  the  current  in  amperes  by  the  electromotive  force  in 
volts  gives  the  power  in  watts  (for  continuous  or  instantaneous  values).  The 
international  watt,  defined  as  "the  energy  expended  per  second  by  an  unvarying 
electric  current  of  one  international  ampere  under  an  electric  pressure  of  one 
international  volt,"  differs  but  little  from  the  absolute  watt. 

Standards  and  Measurements.  —  No  standard  is  maintained  for  power  or 
energy.  Measurements  are  always  made  in  electrical  practice  in  terms  of  some 
of  the  purely  electrical  quantities  represented  by  standards. 

MAGNETIC   UNITS. 

C.G.S.  units  are  generally  used  for  magnetic  quantities.  American  practice 
is  fairly  uniform  in  names  for  these  units:  the  cg.s.  unit  of  magnetomotive  force 
is  caUed  the  "gilbert,"  of  reluctance,  the  "oersted,"  following  the  provisional 
definitions  of  the  American  Institute  of  Electrical  Engineers  (1894).  The  c.g.s. 
unit  of  flux  is  called  the  "maxwell"  as  defined  by  the  1900  Paris  conference. 
The  name  "gauss"  is  used  unfortunately  both  for  the  unit  of  induction  (A.I.E.E. 
1894)  and  for  the  unit  of  magnetic  field  intensity  or  magnetizing  force.  "This 
double  usage,  recently  sanctioned  by  engineering  societies,  is  based  upon  the 
mathematical  convenience  of  defining  both  induction  and  magnetizing  force 
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as  the  force  on  a  unit  magnetic  pole  in  a  narrow  cavity  in  the  material,  the  cavity 
being  in  one  case  perpendicular,  in  the  other  parallel,  to  the  direction  of  the 
magnetization:  this  definition  however  applies  only  in  the  ordinary  electro- 
magnetic units.  There  are  a  number  of  reasons  for  considering  induction  and 
magnetizing  force  as  two  physically  distinct  quantities,  just  as  electromotive 
force  and  current  are  physically  different." 

In  the  United  States  "gauss"  has  been  used  much  more  for  the  c.g.s.  unit  of 
induction  than  for  the  unit  of  magnetizing  force.  The  longer  name  of  "max- 
well per  cm^"  is  also  sometimes  used  for  this  unit  when  it  is  desired  to  distin- 
guish clearly  between  the  two  quantities.  The  c.g.s.  unit  of  magnetizing  force 
is  usually  called  the  "gilbert  per  cm." 

A  unit  frequently  used  is  the  ampere-turn.  It  is  a  convenient  unit  since  it 
eliminates  47r  in  certain  calculations.  It  is  derived  from  the  "ampere  turn  per 
cm."  The  following  table  shows  the  relations  between  a  system  built  on  the 
ampere-turn  and  the  ordinary  magnetic  imits.^ 


Table  II. 
THE  ORDINARY  AND  THE  AMPERE-TURN  MAGNETIC  UNITS- 


Quantity 

Ordinary 

magnetic 

units. 

Ampere-tum 
units. 

Ordinary 
units  in  i 
ampere- 
tum  unit 

Magnetomotive  force 
Magnetizing  force 

3P 
H 

Gilbert 
Gilbert    per 
cm. 

Ampere-tum 
Ampere-tum   per 
cm. 

4x/io 
47r/io 

Magnetic  flux 
Magnetic  induction 

* 
B 

Maxwell 
f  Maxwell  per 
\  cm.^  Gauss 

Maxwell 
f  Maxwell  per  cm.^ 
1  Gauss 

I 
I 

Permeability 
Reluctance 

R 

Oersted 

f  Ampere-tum  per 
\  Maxwell 

I 
4?r/io 

Magnetization  intensity 
Magnetic  susceptibility 
Magnetic  pole  strength 

J 

K 

m 

■ 

Maxwell  per  cm.* 
Maxwell 

1/4^ 
1/4^ 
i/47r 

^  Dellinger,  International  System  of  Electric  and  Magnetic  Units,  Bull.  Bureau  of  Standards, 
13.  p.  599i  1916. 


PHYSICAL  TABLES 


2  Table  1. 

SPELLING  AND  ABBREVIATIONS  OF  THE  COMMON   UNITS  OF  WEIGHT  AND  MEASURE. 

The  spelling  of  the  metric  units  is  that  adopted  by  the  International  Committee  on  Weights 
and  Measures  and  given  in  the  law  legalizing  the  metric  system  in  the  United  States  (1866}. 
The  period  is  omitted  after  the  metric  abbreviations  but  not  after  those  of  the  customary  system. 
The  exponents  "*"  and  '*'"  are  used  to  signify  area  and  volume  respectively  in  the  metric  units. 
The  use  of  the  same  abbreviation  for  singular  and  plural  is  recommended.  It  is  also  suggested 
that  only  small  letters  be  used  for  abbreviations'  except  in  the  case  of  A.  for  acre,  where  the  use 
of  the  capital  letter  is  general.  The  following  list  is  taken  from  circular  87  of  the  U.  S.  Bureau 
of  Standards. 


Unit 

Abbreviation. 

Unit. 

Abbreviation. 

1 

acre 

A 

kilogram 

kg 

are 

a 

kiloUter 

kl 

avoirdupois 

av. 

kilometer 

km 

barrel 

bbl 

Unk 

U. 

board  foot 

bd.  ft. 

liquid 

liq. 

bushel 

bu. 

Uter 

1 

carat,  metric 

c 

meter 

m 

centare 

ca 

metric  ton 

t 

centigram 

eg 

micron 

M 

centiliter 

cl 

mile 

mi. 

centimeter 

cm 

milligram 

mg 

chain 

,ch. 

milliliter 

ml 

cubic  centimeter 

cm* 

millimeter 

mm 

cubic  decimeter 

dm» 

millimicron 

m/i 

cubic  dekameter 

dkm» 

minim 

min.  or  ITl 

cubic  foot 

cu.  ft. 

ounce 

oz. 

cubic  hectometer 

hm» 

ounce,  apothecaries' 

oz.  ap.  or  5 

cubic  inch 

cu.  in. 

ounce,  avoirdupois 

oz.  av. 

cubic  kilometer 

km» 

ounce,  fluid 

fl.  oz. 

cubic  meter 

m» 

ounce,  troy 

oz.  t. 

cubic  mile 

cu.  mi. 

peck 

pk. 

cubic  millimeter 

mm* 

pennyweight 

dwt. 

cubic  yard 

cu.  yd. 

pint 

pt. 

decigram 

dg 

pound 

lb. 

deciliter 

dl 

pound,  apothecaries' 

lb.  ap. 

decimeter 

dm 

{X>und,  avoirdupois 

lb.  av. 

decistere 

ds 

pound,  troy 

lb.  t. 

dekagram 

dkg 

quart 

qt. 

dekaliter 

dkl 

rod 

rd. 

dekameter 

dkm 

scruple,  apothecaries' 

s.  ap.  or  3 

dekastere 

dks 

square  centimeter 

cm* 

dram 

dr. 

square  chain 

sq.  ch. 

dram,  apothecaries' 

dr.  ap.  or  3 

square  decimeter 

dm« 

dram,  avoirdupois 

dr.  av. 

square  dekameter 

dkm« 

dram,  fluid 

fl.  dr. 

square  foot 

sq.  ft. 

fathom 

fath. 

square  hectometer 

hm« 

foot 

ft. 

square  inch 

sq.  in. 

firkin 

fir. 

square  kilometer 

km« 

furlong 

fur. 

square  meter 

m« 

gallon 

gal. 

square  mile 

sq.  mi. 

grain 

gr. 

square  millimeter 

mm* 

gram 

L 

square  rod 

sq.  rd. 

hectare 

square  yard 

sq.  yd. 

hectogram 

hg 

stere 

s 

hectoliter 

hi 

ton 

tn. 

hectometer 

hm 

ton,  metric 

t 

hogshead 

hhd. 

troy 

t. 

hundredweight 

cwt. 

yard 

yd. 

inch 

in. 

Smithsonian  Tables. 


Table  S.  9 

FUNDAMENTAL  AND  DERIVED  UNITS. 
Convenion  Faetors. 

To  change  a  quantity  from  one  system  of  units  to  another:  substitute  in  the  corresponding 
conversion  factor  from  the  following  table  the  ratios  of  the  magnitudes  of  the  old  units  to  the 
new  and  multiply  the  old  quantity  by  the  resulting  number.  For  example:  to  reduce  velocity 
in  miles  per  hour  to  feet  per  second,  the  conversion  factor  is  //"*;  I  -  5280/1,  /  -  3600/1,  and 
the  factor  is  5280/3600  or  1.467. 

(a)  Fundamental  Units. 

The  fundamental  units  and  conversion  factors  in  the  svstems  of  units  most  commonly  used 
are:  Length  [/];  Mass  [m];  Time  [/];  Temperature  [&];  and  for  the  electrostatic  system, 
Dielectric  Constant  [ife];  for  the  electromagnetic  system.  Permeability  [jil.  The  formulae 
will  also  be  given  for  the  International  System  of  electric  and  magnetic  units  based  on  the  units 
length,  resistance  [r],  current  [t],  and  time. 

(b)  Derived  Units. 


Name  of  unit. 

(Geometrical  and 
dynamical.) 


Area,  surface 

Voliune 

Angle 

Solid  angle 

Curvature 

Angular  velocity. 

Linear  velocity 

Angular  acceleration 

Linear  acceleration 

Density 

Moment  of  inertia 

Intensity  of  attraction. . 

Momentum 

Moment  of  momentum.. 
Angular  momentum .... 

Force 

Moment      of      couple, 

torque 

Work,  energy 

Power,  activity 

Intensity  of  stress 

Modulus  of  elasticity 

Compressibility 

Resilience 

Viscosity 


Conversion 
factor. 

X 

y 

0 

2 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

-I 

0 

0 

0 

-I 

0 

I 

—I 

0 

0 

-2 

0 

I 

-2 

0 

-3 

2 

0 

0 

I 

—  2 

I 

-I 

2 

-I 

2 

-I 

I 

—  2 

2 

-2 

2 

-2 

2 

-3 

I 

-I 

-2 

I 

-I 

—  2 

.-I 

I 

2 

-I 

-2 

-I 

—  I 

Name  of  units. 
(Heat.) 


Quantity  of  heat: 

thermal  units 

thermometric  units. . 
dynamical  units 

Coefficient   of   thermal 
expansion 

Thermal  conductivity: 

thermal  units 

thermometric     units 

or  diff usivity 

dynamical  units .... 

Thermal  capacity 

Latent  heat: 

thermal  units 

dynamical  units .... 

Joule's  equivalent 

Entropy: 
heat  in  thermal  units 
heat    in    dynamical 
units 


Conversion 
factor. 

X 

y 

s 

I 

0 

0 

0 

3 

0 

I 

2 

-2 

0 

0 

0 

I 

-I 

—  I 

0 

2 

—  I 

I 

I 

-3 

I 

0 

0 

0 

0 

0 

0 

2 

-2 

0 

2 

-2 

I 

0 

0 

I 

2 

—2 

I 
I 
o 


—I 


o 
-I 


I 

o 
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Table  1  {continued). 
FUNDAMENTAL  AND  DERIVED  UNITS. 

Conversion  Factors. 
(b)  Demved  Units. 


Name  of  Unit. 
(Electric  and  magnetic.) 


Quantity  of  electricity 

Electric  displacement .... 
Electric  surface  density.  . . 

Electric  field  intensity 

Electric  potential 

Electromotive  force 

Electrostatic  capacity 

Dielectric  constant 

Specific  inductive  capacity 

Current 

Electric  conductivity 

Resistivity 

Conductance 

Resistance 

Magnetic  pole  strength 

Quantity  of  magnetism . . . 

Magnetic  flux 

Magnetic  field  intensity . . 

Magnetizing  force 

Magnetic  potential 

Magnetomotive  force 

Magnetic  moment 

Intensity  magnetisation. . . 
Magnetic  induction 

Magnetic  susceptibility 

Magnetic  permeability . . . , 
Current  density 

Self-inductance 

Mutual  inductance 

Magnetic  reluctance 

Thermoelectric  power  J 

Peltier  coefficient  J 


Sym- 
bol.* 


Q 

D 
D 

V 

E 

C 
K 


I 

7 
P 

g 
R 

m 

m 
^ 
H 

H 
Q 


J 
B 

K 

£ 

911 

9. 


Conversion  Factos. 


Electrostatic 
system. 


i 
h 

i 
i 

O 
O 

o 

i 

O 
O 

o 
o 


h 
\ 

\ 
i 
\ 

§. 
J 
i 

O 

o 

i 

o 
o 
o 


i 
i 


mflfk' 


■i 

■i 
-i 


-I 

-I 
—  I 

-I 


i-i 


I 
O 
O 

i 

o 


I 
■I 

i 

i 
i 
i 

i 
i 
i 


-i 


-i 


i 
i 


O 

o 
o 

-2 
-I 

I 

—  I 
I 

o 

o 
o 

—  2 

-2 

—  2 
-2 

O 
O 
O 

2 
2 

—  2 

2 
2 

—  2 


-I 
-I 


Electromagnetic 
system. 


i 
i 

i 

i 
i 

O 
O 

o 

i 

o 
o 

o 
o 

i 


o 
o 

i 

o 
o 
o 


i 
i 


m'lffiti* 


i 
i 


1 
I 

8 
U 

■I 

-2 

O 

J 

■2 
2 

■I 
I 

t 


O 
O 
O 

-2 
-2 
—  2 

2 
2 
O 


! 
■i 

■4 
i 
i 

i 

■i 
■i 


O 
O 
—  I 

o 
o 
o 


-2 
—  2 


emu 


csu 
t 


International 
system. 


r*i»i^r 


C 
C 
C 

i/c 
i/c 

I/C 


c 
c* 

i/c« 

c» 

i/d 
i/c 

i/c 

i/c 

c 

c 
c 
c 

I/c 
i/c 
I/c 


i/c' 
i/c 


i/d 

i/d 

c» 


i/c 
i/c 


o 
o 
o 

I 
I 
I 

-I 
-I 
o 

o 
—I 
I 

—I 
I 

I 

I 

I 
o 

o 
o 
o 

I 
I 
I 

I 
I 
o 

I 

I 

—  I 


I  o 

I  -2 

I  -2 

I  I 

I  O 

I  O 

o  o 

O  -I 

0  o 

1  o 

O  -I 

O  I 

o  o 

0  o 

1  o 

I  o 

I  o 

O  -I 

0  -I 

1  o 
I  o 

I  I 

I  -2 

I  -2 

O  -I 

0  -I 

1  -2 

O  O 

O  O 

0  O 

1  o 
I  o 


I 
I 
I 

o 
o 
o 

o 

I 
o 

o 
o 
o 

o 
o 

I 

I 
I 
o 

o 
o 
o 

I 
I 

I 

I 
I 
o 

I 

I 

—  I 


ot 


*  As  adopted  by  American  Institute  of  Electrical  Engineers,  1915. 

t  f  is  the  velocity  of  an  electromagnetic  wave  in  the  ether  =  3  X  lo'"  approximately. 

X  This  conversion  factor  should  include  [^"0- 
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Table  3. 
TABLES  FOR  CONVERTING  U.  8.  WEIGHTS  AND  MEASURES.* 

(1)  CUSTOMARY  TO   METRIC. 


LINEAR. 


I 

2 

3 

4 

5 

6 

7 
8 

9 


Inches 

to 

millimeters. 


Feet  to 
meters. 


25.4001 

508001 

76.2002 

101.6002 

127.0003 

152.4003 
177.8004 
203.2004 
228.6005 


0.304801 
0.609601 
0.914402 
1. 21 9202 
1.524003 

1.828804 
2.13^604 
2.438405 

2.743205 


Yards  to 
meters. 


0.914402 
1.828804 
2.743205 
3.657607 
4.572009 

5.48641 1 
6.400813 

7.315215 
8.229616 


Miles 

to 

kilometers. 


1.60935 
3.21809 
4.82804 

6.43739 
8.04674 

9.65608 
11.26543 
12.8747^ 
14.48412 


SQUARE. 


I 
2 

3 
4 
5 
6 

7 
8 

9 


Square 
inclies  to 
square  cen- 
timeters. 


6.452 
12.903 

19-355 
25.807 

32.258 

38.710 
45-161 
51.613 
58.065 


Square  feet 

to  square 

decimeters. 


9.290 
18.S81 
27.871 
37.161 
46.452 

55-742 
65.032 

74-323 
83.613 


Square 

yards  to 

square 

meters. 


0.836 
1.672 
2.508 

3-345 
4. 18 1 

5.017 

^^ 

7.525 


Acres  to 
hectares. 


0.4047 
0.8094 
I.2141 
1. 6187 
2.0234 

2.4281 
2.8328 

3-2375 
3.6422 


I 

2 

3 
4 
5 
6 

7 
8 

9 


CUBIC. 


I 

2 

3 
4 
5 
6 

7 
8 

9 


Cubic 
inches  to 
cubic  cen- 
timeters. 


16.387 

32-774 
49.161 

65.549 
81.936 

98.323 
1 14.710 

131.097 

147.484 


Cubic  feet 

to  cubic 

meters. 


0.02832 
0.05603 
0.08495 
O.I  1327 

O.I  41 59 

0.16990 
0.19822 
0.22654 
0.25485 


C^bic 
yards  tu 

cubic 
meters. 


0.765 

1-529 
2.294 

3-058 
3-823 

4-587 
5-352 
6,116 

6.881 


Bushels  to 
hectoliters. 


0.35239 
0.70479 

1.05718 

1.40957 

I.76196 

2.1 1436 
2.46675 
2.81914 

3-I7154 


I 

2 

3 

4 

5 

6 

7 
8 

9 


CAPACITY. 


Fluid 

drams  to 

milliliters 

or  cubic 

centimeters. 


3-70 

7-39 
11.09 

14.79 

18.48 

22.18 
25.88 

29-57 

3327 


Fluid 

ounces 

to 

milliliters. 


29-57 

88.72 

118.29 

147.87 
177.44 

207.01 

236.58 

266.16 


Liquid  • 
quarts  to 
liters. 


Gallons  to 
liters. 


0.94633 
1 .89267 

2.83900 

3-78533 
4-73167 

5.67800 
6.62433 
7.57066 
8,51700 


3-78533 
7.57066 

11.35600 

1^.14133 

18.92600 

22.71199 

26.49733 
30.28266 

34.06799 


WEIGHT. 


Grains  to 
milligrams. 


64.7989 
129.5978 
194.3968 

259-1957 
323.9946 

388.7935 

453-5924 

5'8.39i3 
583-^903 


Avoirdu- 

ptois  ounces 

to  grams. 


28,3495 
56.6991 

85.0486 

1 13.3981 

141.7476 

170.0972 
198.4467 
226.7962 

255-M57 


Avoirdu- 
pois p<iunds 
to  kilo- 
grams. 


Troy 

ounces  to 

grams. 


0.45359 
0.90718 

1.J6078 

1.81437 

2.26796 

2.72155 

3-17515 
3.62874 

4.08233 


31.10348 
62.20696 

93-31044 
124.41392 

i55-5'740 

186.62088 

217-72437 
248.82785 

279-93133 


I  Gunter's  chain 
1  sq.  statute  mile 
1  fathom 
1  nautical  mile 
I  foot 

I  avoir,  pound 
1 5432.35639  grains 


20.  II 68      meters. 

259.000     hectares. 

1.829        meters. 

1853.25  meters. 

0.304801     meter. 

453-5924277  grams. 
1. 000    kilogram. 


Accordinf?  to  an  executive  order  dated  April  15,  1893,  ^^^  United  States  yard  is  defined  as  3600/3937  meter,  and 
the  avoirdupois  pound  as  1/2.20462  kilogram. 

I  meter  (international  prototype)  :=  15^3164.13  times  the  wave-length  of  the  red  Cd.  line.  Benoit,  Fabry  and 
Perot.  C.  R.  144,  1007  differs  only  in  the  decimal  portion  from  the  measure  of  Michelson  and  Benoit  14  years  earlier. 

The  length  of  the  nautical  mile  given  above  and  adopted  by  the  U.  S.  Coast  and  Geodetic  Survey  many  years  aeo, 
is  defined  as  that  of  a  minute  of  arc  of  a  great  circle  of  a  sphere  whose  surface  equals  that  of  the  earth  (Clarke's  Sphe- 
roid of  1866). 

*  Quoted  from  sheets  isstied  by  the  United  States  Bureau  of  Standards. 
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Table  3  icomUnmed). 
TABLES  FOR  CONVERTING  U.  8.  WEIGHTS  AND  MEASURES. 

(2)  METRIC  TO   CUSTOMARY. 


r 


1 


LINEAR. 


I 

2 

3 
4 
5 
6 

7 
8 

9 


Meten  to 
inche*. 


Meters  to 

feet. 


39-3700 

78.7400 

I18.IIOO 

157.4800 

196.8500 

236.2200 
2755900 
314.9600 
3543300 


3.28083 
^.56167 
9.84250 

'3-12333 
16.40417 

19.68500 
22.96583 
26.24667 
29.52750 


Meters  to 

yards. 


1. 09361 1 
2.187222 
3.280833 
4.374444 
5.468056 

6.561667 
7.655278 
8.748889 
9.842500 


Kilometers 
to  miles. 


0.62137 
1.24274 
I.864II 
2.48548 

3-IO&5 
3.72822 

4-34959 
4.97096 

559233  ! 


SQUARE. 


I 

2 

3 
4 

5 

6 

7 
8 

9 


Square 

centimeters 

to  square 

inches. 


Square 

meters  to 

square 

feel. 


o.ii;5o 

10.764 

0.3100 

21.528 

0.4650 

32.292 

0.6200 

43055 

0.7750 

53-819 

0.9300 
1.0850 

64.583 

86!iii 

1.2400 

1-3950 

96.875 

Square 

meters  to 

square 

yards. 


1. 196 
2.392 
.3,588 
4.784 
5.980 

7.176 

8.372 

9.568 

10.764 


Hectares 
to  acres. 


2.471 
4.942 

7413 
9.884 

12355 
14.826 
17.297 
19.768 
22.239 


CUBIC. 


I 

2 

3 
4 
5 
6 

7 
8 

9 


Cubic 

centimeters 

to  cubic 

inches. 


0.0610 
0.1220 
O.183I 
0.2441 
0.3051 

0.3661 
0.4272 
0.4882 
0.5492 


Cubic 

decimeters 

to  cubic 

inches. 

61.023 
1 22.047 
183.070 
244.094 

305- "7 

366.140 
427.164 
488.187 
549.210 


Cubic 

meters  to 

cubic 

feet. 


35-3»4 
70.269 

105.943 
141  258 
176.572 

211.887 
247.201 

282.  u  6 
317.830 


Cubic 

roetciB  to 

rubic 

yards. 


1.308 
2.616 

3924 
5-232 

6.540 

7.848 

9.156 

10.464 

II.771 


I 

2 

3 
4 
5 
6 

7 
8 


I 

2 

3 
4 

5 

6 

7 
8 


CAPACITY. 


MiUiU- 

tersor 

Centi- 

Liters 

Deca- 

cubic cen- 

liters to 

liters 

timeters 

fluid 

to 

to 

to  fluid 

ounces. 

quarts. 

gallons. 

drams. 

I 

0.27 

0.338 

1.0567 

2.6418 

2 

O.W 

0.676 

2.I134 

S.2836 

3 

0.81 

I.014 

3.1701 

7-9253 

4 

1.08 

1-353 

4.2268 

10.5671 

5 

1-35 

1.691 

5.2836 

13.2089 

6 

1.62 

2.029 

6.3403 

15.8507 
18.4924 

7 

1.89 

2.367 

7.3970 

8 

2.16 

2.705 

8.4537 

21.1342 

9 

2.43 

3-043 

9.5104 

23.7760 

Hecto- 
liters 
to 
bushels,  i 


2.8378 

5-6756 

8-5135 

II.3513 
Z4.1891 

17.0269 
19.8647 
22.7026 
25.5404 


WEIGHT. 


Milli- 
grams to 
grains. 

0.01543 
0.03086 
0.04630 
0.06173 
0.077 16 

0.09259 
0.10803 
0.12340 
0.13889 


Kilo- 
grams to 
grains. 


15432.36 
30864.71 
46297.07 
61729.4 


9-43 
1.78 


7716 

92594.14 
108026.49 
12^58.85 
138891.21 


Hecto- 
grams to 
ounces 
avoirdupois. 


3-5274 

7.0548 

10.5822 

14.1096 

17.6370 

21.1644 
24.6918 
28.2192 
31.7466 


Kilo- 
grams to 
pounds 
avoirdupoisJ 


2.20462 
4.40924 
6.61387 
8.81849 
1 1. 0231 1 

13.22773 

15-43236 
17.63698 
19,84160 


WEIGHT. 


Quintals  to 
pounds  av. 


220.46 
440.92 
661.39 
881.85 
1 102.31 

1322.77 

1543-24 
1763.70 
1984.16 


Milliers  or 

tonnes  to  pounds 

av. 


2204.6 
4409.2 
6613.9 
8818.5 
IIO23.I 

13227.7 

15432.4 
17637.0 
19841.6 


Kilograms 

to  ounces 

Troy. 


52.1507 

64.3015 

96.4522 

128.6030 

160.7537 

192.9045 
225.0552 
2I57.2059 
289.3567 


By  the  concurrent  action  of  the  principal  governments  of  the  world  an  International  Bureau  of  Weights  and 
Measures  has  been  established  near  Paris.  Under  the  direction  of  the  International  Committee^  two  ingots  were 
cast  of  pure  platinum-iridium  in  the  proportion  of  q  parts  of  the  former  to  i  of  the  latter  metal.  From  one  of  these 
a  certain  number  of  kilograms  were  prepared,  from  the  other  a  definite  number  of  meter  bars.  These  standards  of 
weight  and  length  were  intercompared,  without  preference,  and  certain  ones  were  selected  as  International  proto- 
type standards.  The  others  were  distributed  by  lot,  in  September,  1889,  to  the  different  governments,  and' are  called 
National  prototvpe  standards.  Titose  apportioned  to  the  United  States  were  received  in  1890,  and  are  kept  at  the 
Bureau  of  Standards  in  Washington,  D.  C. 

The  metric  system  was  legalized  in  the  United  States  in  1866. 

The  International  Standard  Meter  is  derived  from  the  M^tre  des  Archives,  and  its  length  is  defined  by  the 
distance  between  two  lines  at  0°  Centigrade,  on  a  platinum-iridium  bar  deposited  at  the  International  Bureau  of 
Weights  and  Measures. 

The  International  Standard  Kilogram  is  a  ma«s  of  platinum-iridium  deposited  at  the  same  place,  and  its  weight 
in  vacuo  is  the  same  as  that  of  the  Kilogram  des  Arcjhives. 

The  liter  is  equal  to  the  quantity  of  pure  water  at  4°  C  (760  mm.  Hg.  pressure)  which  weighs  i  kilogram  and  =: 
1.000027  cu.  dm.    (Trav.  et  Mem.  Bureau  Intern,  des  P.  et  M.  14,  1910,  Benoii.) 
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Table  4.  ^^ 

MISCELLANEOUS  EQUIVALENTS  OF  U.  S.  AND  METRIC  WEIGHTS  AND  MEASURES* 

(For  other  equivalents  than  those  below,  see  Table  3.) 


LINEAR  MEASURES. 

I  mil  (.001  in.)  -  25.4001  /i 

I  in.  -  .000015783  mile 

I  hand  (4  in.)  -  10.16002  cm 

I  link  (.66  ft.)  >  20.11684  cm 

I  span  (9  in.)  -  22.86005  cm 

I  fathom  (6  ft)  -  1.828804  m 

I  rod  (25  links)  -  5.029210  m 

I  chain  (4  rods)  -  20.11684  m 

I  light  year  (9.5  X  10"  km)  -  5.9  x  10" 

miles 
I  par  sec  (31  X  lo**  km)  «  19  X  10"  miles 
•^  in.  -  .397  nmi        A  in.  «  .794  nrni 
A  in.  -  1.588  mm        J  in.  *  3.175  mm 
J  in.   -  6.350  mm        J  in.  -  12.700  mm 
I  Angstrdm  unit  -  .0000000001  m 
I  micron  (/*)  «  .000001  m  -  .00003937  in. 
I  millimicron  (m/i)  -  .000000001  m 
I  m  ->  4.970960  Unks  ->  1.0936 11  ;^ds. 
-  .198838  rod  -  .0497096  cham 

SQUARE  MEASURES. 

I  sq.  link  (62.7264  sq.  in.)  -  404.6873  cm* 
I  sq.  rod  (625  sq.  links)  >  25.29295  m' 
I  sq.  chain  (16  sq.  rods)  -  404.6873  m* 
I  acre  (10  sq.  chains)  -  4046.873  m* 
I  sq.  mile  (640  acres)  -  2.589998  km* 
I  km*  "  .3861006  sq.  mile 
I  n^  =  24.7104  sq.  Imks  =  10.76387  sq.  ft. 
=  '039537    sq.   rod.  -  .00247104  sq. 
chain 

CUBIC  MEASURES. 

I  board  foot  (144  cu.  in)  -  2359.8  cm' 
I  cord  (128  cu.  ft.)  -  3.625  m* 

CAPACITY  MEASURES. 

I  minim  (Til)  -  .0616102  ml 
I  fl.  dram  (60ITI)  -  3.69661  ml 
I  fl.  oz.  (8  fl.  dr.)  -  1.80469  cu.  in. 

-  29.5729  rnl 

I  gill  (4  n.oz.)  »  7.21875  cu.  in.  -  118.292 

ml 
I  liq.  pt.  (28.875  cu.  in.)  -  .473167  1 
I  liq.  qt.  (57.75  cu.  in.)  -  .946333  I 
I  gallon  (4  qt.,  231  cu.  in.)  -  3.785332  1 
I  dry  pt,  (33.6003125  cu.  in.)  -  .5SOS99  I 
I  diy  qt.  (67.200625  cu.  in.)  -  1.101198  I 
I  pk.  (8dry  qt.,  537.605  cu.  m.)  =  8.80958 1 
I  bu.  (4  pk.,  2150.42  cu.  in.)  «  35-2383  1 
I  firkin  (9  gaDons)  -  34.06799  1 
I  Hter  -  .264178  gal.  -  i. 05671  Uq.  qt. 
■  33-8147  fl.  oz.  -  270.518  fl.  dr. 
I  ml  a  16.231 1  minims. 
I  dkl «  18.620  dry  pt.  -  9.08102  dry  qt. 

-  1-13513  P^^-  "  -28378  bu. 


MASS  MEASURES. 

Avoirdupois  weights. 
I  grain  -  .064798918  g 
I  dram  av.  (27.34375  gr.)  -  1.77184S  g 
I  oz.  av.  (16  dr.  av.)  -  28.349527  g 
I  pd.  av.  (16  oz.  av.  or  7000  gr.) 

*  14-583333  oz.  ap.  (S)  or  oz.  t. 
"  1. 2152778  or  7000/5760  pd.  ap 
ort. 

,      -  4535924277  g 
I  kg  ->  2.204622341  pd.  av. 

I  g    -  15-432356  gr.  -  .5643833  av.  dr. 

=  -03527396  av.  oz. 
I  short  hundred  weight  (100  pds.) 

-  45359243  kg 

I  long  hundred  weight  (112  pds.) 

-  50.802352  kg 

I  short  ton  (2000  pds.) 

»  907.18486  kg 
I  long  ton  (2240  pd.) 

-1016.04704  kg 
I  metric  ton  -  0.98420640  long  ton 
"-  1.1023112  short  tons 


Troy  weights. 

I  pennyweight  (dwt,  24  gr.)  -  1.555174  g; 
^.,  oz.,  pd.  are  same  as  apothecary 

Apothecaries*  weights. 

I  gr.  -  64.798918  mg 
I  scruple  (3,  20  gr.) 
I  dram  (3,  3  3) 
I  oz.  (S,8  3) 
ipd  (125,  5760  gr.) 
I  g  -  15.432356  gr. 
-  0.2572059  3 
I  kg  =32.150742  8 


1.2959784  g 

3.8879351  g 
31.103481  g 

373.24177  g 
0.771618  3 

,03215074  5 

2.6792285  pd. 


I  metric  carat  <-  200  mg  «  3.0864712  gr. 

U.  S.  }  dollar  should  weigh  12.5  g  and  the 
smaller  silver  coins  in  proportion. 


♦  Taken  from  Circular  47  of  the  U.  S.  Bureau  of  Standards,  1915,  which  see  for  more  complete 
tables. 
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g  Table  5. 

EQUIVALENTS   OF   METRIC   AND  BRITISH  IMPERIAL   WEIGHTS 

AND  MEASURES.* 


(1)  METRIC   TO    IMPERIAL 


(For  U.S.  Weights  and  Measures,  see  Table  i.) 


LINEAR   MEASURE. 


I  millimeter  (mm.)      / 
(.001  m.)  ) 

I  centimeter  (.01  m.) 
I  decimeter  (.1  m) 


I  METER    (m.) 

I  dekameter 

(10  m.) 
I  hectometer 

(100  m.) 
I  kilometer 

(1,000  m.) 
1  myriameter 

( 10,000  m.) 

I  micron     .    . 


1- 
I- 

I- 


003937    »n. 

0.39370     " 
3.93701     " 

39-370113  " 
3.280843  ft. 

1.09361425  yds. 
10.93614 

109.361425 

0.62137  mile. 

6.21372  miles. 
0.001  mm. 


(i 


SQUARE   MEASURE. 


I  sq.  centimeter  . 
I  sq.  decimeter 

(100  sq.  centm.) 
I  sq.  meter  or-  centi>  ) 

are  (100  sq.  dcm.)  ) 
I  ARE  (100  sq.  m.) 
I  hectare  (100  ares 

or  10,000  sq.  m.) 


i- 


0.1550  sq.  m. 

15.500  sq.  in. 

10.7639  sq.  ft. 
1.1960  sq.  yds. 
119.60  sq.  yds. 

2.47 1 1  acres. 


CUBIC   MEASURE. 


cub.  centimeter 

(c.c.)  (1,000  cubic  ^  =    0.0610  cub.  in. 

millimeters) 
cub.  decimeter 

(c.d.)  (1,000  cubic  ^  =  61.024      •*      ** 

centimeters) 

CUB.    METER  m  .  our.. 

orstere        J.     .  =  j  3S-3>48  cub.  ft. 


1= 


(1,000  c.d.) 


1.307954  cub.  yds. 


MEASURE  OF  CAPACITY. 


I  milliliter  (ml.)  (.001 
liter) 

I  centiliter  (.01  liter) 

r  deciliter  (.1  liter)  . 
I  LITER  (1,000  cub. 
centimeters  or  i 
cub.  decimeter) 
I  dekaliter  (10  liters) 
I  hectoliter  (100  "  ) 
I  kiloliter  (1,000  "   ) 


f  = 


0.0610  cub.  in. 


0.61024  " 
0.070  gill. 
0.176  pint. 


« 


=  1.75980  pints. 

=  2.200  gallons. 

=  2.75  bushels. 

=  3437  quarters. 


APOTHECARIES'  MEASURE. 


I  cubic  centi- 
me te  r  (i 
gram  w't) 

I  cub.  millimeter 


0.0*3520  fluid  ounce. 
0.28157  fluid  drachm. 
15.43236  grains  weight. 
0.01693  minim. 


AVOIRDUPOIS   WEIGHT. 


I  milligram  (mgr.)  .  . 
I  centigram  (.01  gram.) 
I  decigram  (.1         "      ) 

1  GRAM 

I  dekagram  (10  gram.) 
I  hectogram    (100  "    ) 


=  0.01543  gram. 
=  0.15432     " 
=  1.54324  grains. 
=<  5-43236      " 
=  5-64383  drams. 


=  3-52739  oz- 
(  2.2046223  lb 

I  KILOGRAM  (1,000"     )    =<  15432.3564 

(         grains. 
22.04622  lbs. 
1. 9684 1  cwt. 


I  myriagram  (10  kilog.) 
I  quintal        (100   "    ) 
I  millier  or  tonne 
(1,000  kilog.) 


I .     .  =  0.9842  ton. 


TROY  WEIGHT. 


I  GRAM 


\ 


0.03215  oz.  Troy. 
=  \   0.64301  pennyweight 
1543236  grains. 


APOTHECARIES'   WEIGHT. 


I    GRAM 


0.25721  drachm. 
0.77162  scruple. 
15.43236  grains. 


NoTB. — The  Mbtbr  it  the  leneth,  at  the  temperature  of  cP  C,  of  the  platinum-iridium  bar  deposited  M  the 
International  Bureau  of  Weights  anoMeasures  at  Sevres,  near  Paris,  France. 

The  present  legal  equivalent  of  the  meter  is  39.3701 1^  inches,  as  above  stated. 

The  Kiijocram  is  the  mass  of  a  platinum-iridium  weight  deposited  at  the  same  place. 

The  LiTBK  contains  one  kilogram  weight  of  distilled  water  at  iu  maximum  density  (4°  C),  the  barometer  being 
at  760  millimeters. 

*In  accordance  with  the  schedule  adopted  under  the  Weights  and  Measures  (metric  system)  Act,  1897. 
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Tables. 

EQUIVALENTS   OF  METRIC  AND  BRITISH  IMPERIAL  WEIGHTS 

AND  MEASURES. 


(2)    METRIC  TO  IMPERIAL 

(For  U.S.  Weights  and  Measures,  see 

Table  3.) 

LINEAR  MEASURE. 

MEASURE  OF  CAPACITY. 

I 
2 

3 
4 
5 

6 

7 
8 

9 

Millimeters 

to 

inches. 

Meters 

to 
feet. 

Meters 

to 
yards. 

Kile     ' 
meters  to 
miles. 

2 

3 
4 

5 

6 

I 

9 

Liters 

to 
pints 

Dekalitera 

to 
gallons 

Hectoliters 

to 

bushels. 

Kiloliters 

to 
quarters. 

0.0303701 1 
0.07874023 
0.1 181 1034 
0.15748045 
0.19685056 

0.23622068 

0*27559079 
031496090 

0.35433102 

3.28084 
0.56169 

9.84253   i 
1 3. 12337 
16.40421 

19.68506 
22.96590 
26.24674 
29.52758 

1.09361 
2.18723 
.  3.28084 
437446 
5.46807 

6.56169 

7.65530 
8.74891 

9.84253 

0.62137 
1.24274 
I.S6412 
2.48549 
3.10686 

1 

372823 
4.34960 

4.97097 : 

5-59235 1 

1 

1.75980 
3.51961 
5.27941 
7.03921 
8.79902 

10.55882 
12.31862 
14.07842 
15.83823 

2.19975 

4.39951 
6.59926 

8.79902 

10.99877 

13.19852 
15-39828 
17.59803 
19.79778 

2.74969 
5.49938 
8.24908 

10.99877 
13.74846 

16.49815 
19,24785 
21.99754 

24.74723 

3.43712 

6.87423 

10.31135 

13.74846 

17.18558 

20.62269 
24.05981 
27.49692 

30.93404 

SQUARE  MEASURE. 

WEIGHT  (Avoirdupois). 

I 
2 

3 

4 

5 

6 

7 
8 

9 

Square 

centimeters 

to  square 

inches. 

Square 

meters  to 

square 

feet. 

Square 

meters  to 

square 

yards. 

Hectares 
to  acres. 

I 
2 

3 
4 

5 

6 

7 
8 

9 

Milli- 
grams 

to 
grains. 

Kilograms 
to  grains. 

Kilo- 
grams 

to 
pounds. 

Quintals 

to 
hundred- 
weights. 

0.15500 
0.31000 
0.46500 
0.62000 
0.77500 

0.9:5000 
1.08500 
1.24000 

I.39501 

10.76393 
21.52786 
32.29179 

43.05572 
53.81965 

64.58357 
75-34750 
86. 1 1 143 

96.87536 

1. 19599 
2.39198 
3-58798 
4-78397 
5.97996 

7.17595 
8.37194 

9.56794 

"0.76393 

2.47 1 1 
4.9421 

7.4132 
9.8842 

*  2.3553 

14.8263 
17.2974 
19.7685 
22.2395  j 

0.01 54J 
0.03086 
0.04630 
0.06173 
0.07716 

0.09259 
0.10803 
0.12346 
0.13889 

15432-356 

30864.7 1  :j 
46297.069 
61729.426 
77161.782 

92594.138 
108026.495 

"3458.851 
138891.208 

2.20462 
4.40924 
6.61387 
8.81849 
1 1. 0231 1 

13-22773 
15.43236 
17.63698 
19.84160 

I.9684I 

3-93683 

5.90524 

787365 
9.84206 

1 1. 81048 
13.77889 

15-74730 
17.71572 

CUBIC  MEASURE. 

Apothb-  I 

CAKIBS*    1 

Mbasurk. 

Avoirdupois 

(CffHt.) 

Trot  Wright. 

• 

Apothr- 

CARIBS* 

Wright. 

I 
2 

3 

4 
5 

6 

7 
8 

9 

Cubic 

decimeters 

to  cubic 

inches. 

Cubic 

meters  to 

cubic 

feet. 

Cubic 

meters  to 

cubic 

yards. 

Cub.  cen- 
timeters 
to  fluid    1 

drachms. 

1 

I 

2 

3 
4 
5 

6 

7 
8 

9 

Milliers  or 

tonnes  to 

tons. 

Grams 

to  ounces 

Troy, 

Grams 

to  penny- 
weights. 

Grams 

to 

scruples. 

61.02390 
1 22.04781 
183.07 17 1 
244.09561 
305.11952 

366.14342 
427.16732 
488.19123 

549.21513 

35-31476 

70.62952 

105.94428 

141.25904 

176.57379 

211.88855 
247.20331 
282.51807 
317.83283 

1-30795 
2.61 591 

3.92386 

5.23182 

0.53977 

7.84772 

9.15568 
10.46363 
II.77159 

0.28157 

0.56314 
O.S447 1 
1. 12627  t 
1.40784  1 

1. 6894 1 
1.97098 

2.25255  1 
2.53412  ^ 

1 

0.98421 
1. 9684 1 
2.95262 

393683 
4.92103 

6.88944 

7.87365 
8.85786 

0.03215 
0.06430 
0.09645 
0.12860 
0.16075 

0.19290 
0.22506 
0.2 157  2 1 
0.28936 

0.64301 
1.28603 
1.92904 
2.57206 

3-21507 

3.85809 
4.501 10 
5.I4412 

5.78713 

0.77162 
1.54324 
2.31485 
3.08647 
3.85809 

4.62971 

5.40132 
6.17294 

6.94456 
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10  Table  5. 

EQUIVALENTS  OF  BRITISH   IMPERIAL  AND    METRIC  WEIQHT8 

AND  MEASURES. 


(3)    IMPERIAL  TO   METRIC. 


(For  U.S.  Weights  and  Measures,  see  Table  3.) 


LINEAR   MEASURE. 


I  inch 


I  foot  (12  in.)     .    . 
I  YARD  (3  ft.)     .     . 
I  pole  (si  yd.)    .    . 
I  chain  (22  yd.  or  ) 
100  links)         ( 
I  furlong  (220  yd.) 

I  mile  (1,760  yd.)   . 


-1 


25.400  milli* 
meters. 
=  '   0.30480  meter. 
=       ^914399    " 
=       5.0292  meters. 

=     20.1168       " 


(t 


^   201.168 

1.6093  kilo- 
meters. 


-1 


cen- 


SQUARE   MEASURE. 

,  J    6.4516  sq.  ( 

I  square  inch     •     •    ==    j        tfmeteifs. 

.    ,  .    .  \    9.2903  sq.  deci- 

I  sq.ft.  (144sq.m.)    =    j    ^  ^fe^ 

/  r   »  {    0.836126  sq. 

I  SQ.  YARD  (9  sq.  ft.)  =    \        Meters. 

I  perch  (30i  sq.  yd.)  =  {    '^^^l  '^'  '"<^- 

I  rood  (40  perches)    =       10.117  ares. 

I  ACRE  (4840  sq.  yd.)  =        a40468  hectare. 

I  sq.  mile  (640  acres)  =  |  259.00  hectares. 


CUBIC   MEASURE. 

I  cub.  inch  =   jg^^S;  cub.  centimeters. 
I  cub.  foot  (1728  I       (.0.028317  cub.  me- 

cub.  in.)  J"~<     ter,    or    28.317 

-        f      cub.  decimeters. 
I  CUB    YARD  (27  J  ^0.76455  cub.  meter. 

cub.  ft.)  J         /  t:)^ 


APOTHECARIES'  MEASURE. 


gallon  (8  pints  or  i 

160  fluid  ounces)  ) 
fluid  ounce,  f  3  {. 

(8  drachms)       ) 
fluid  drachm,  f  3  ^ 

(60  minims)         ) 
minim,  n)  (0.91 146  ( 

grain  weight)       S 


-I 


4-5459631  liters. 

28.41 2  J  cubic 
centimeters. 

3.5515  cubic 
centimeters. 

0.05919  cubic 
centimeters. 


NOTB.  ~  The  Apothecaries'  gallon  is  of  the  same 
capacity  as  the  Imperial  gallon. 


MEASURE  OF  CAPACITY. 


I  gill = 

I  pint  (4  gills)  .  .  .  = 
I  quart  (3  pints)  .  .  = 
I  GALLON  (4  quarts)  = 
I  peck  ( 2  galls-.)  .  .  = 
I  bushel  (8  galls.)  .= 
I  quarter  (8  bushels)  = 


1.42  deciliten. 
a568  liter. 
1. 1 36     liters. 

4.5459631  " 
9.092         •* 

3.637  dekaliters. 

2.909  hectoliters. 


AVOIRDUPOIS   WEIGHT. 


T  gram 

I  dram 

I  ounce  (16  dr.)  .  . 
I  POUND  (16  oz.  or  I 

7,000  grains)  ) 
I  stone  (14  lb.)  .  . 
I  quarter  (28  lb.)  . 
I  hundredweight  ( 

(112  lb.)      .   J 

I  ton  (20  cwt. ) 


_  (64.8  milli 


1 


-! 


grams. 
1.772  grams. 
28.350      « 

0.45359243  kilogr. 

6.350 
12.70 
50.80 

a 5080  quintal. 

1. 0160  tonnes 
or  1016  kilo- 
grams. 


(C 

« 


TROY  WEIGHT. 


I  Troy  OUNCE  (480  J   ^ji.jojs  grams. 

grams  avoir.)      J        "^        '^^  ^ 
I  pennyweight  (24  j 
grains)  f 


1.5552 


Note.  —  The  Troy  grain  is  of  the  same  weight  as 
the  Avoirdupois  grain. 


APOTHECARIES'  WEIGHT. 


I  ounce  (8  drachms) 
I  drachm,  3  i  ( 3  scru- ) 

pies)  J 

I   scruple,   9i   (20 ) 

grams)  J 


31- 1035  grams. 
3.888 

=    1.296        ** 


Note.  —  The  Apothecaries*  ounce  is  of  the  same 
weight  as  the  Troy  ounce.  The  Apothecaries^ 
grain  is  also  of  the  same  weight  as  the  Avoirdupois 
grain. 


NoTB.  — The  Yard  is  the  length  at  62°  Fahr..  marked  on  a  bronze  bar  deposited  with  the  Board  of  Trade. 

The  Pound  is  the  weight  of  a  piece  of  platinum  weighed  in  vacuo  at  the  temperature  of  0°  C,  and  which  is  also 
deposited  with  the  Board  of  Trade. 

The  Galuon  contains  10  lb.  weight  of  distilled  water  at  the  temperature  of  63^  Fahr.,  the  barometer  being  af 
30  inches. 
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Table  5* 

EQUIVALENTS  OF  BRITISH  IMPERIAL  AND   METRIC  WEIGHTS 

AND  MEASURES. 


II 


(4)     IMPERIAL  TO  METRIC. 

1 

[For 

U.S.  Weights  and  Measures,  see 

Table  3.) 

LINEAR  MEASURE. 

■-   ■ 

MEASURE  OF  CAPACITY. 

I 

2 

3 

4 
5 

6 

7 
8 

9 

Inches 

to 

centimeten. 

Feet 
to 

Yards 

to 
meters. 

Miles 
to  kilo- 
metos. 

I  ' 
2 

,  3 
4 

'6 

9 

Quarts 

to 
liters. 

Gallons 

to 

Uters. 

Bushels 

to 

dekaliters. 

1 
Quarters 
to 
hectoliters. 

2.539998 
5.079996 

7.619993 

lo.i  59991 

12.699989 

15-239987 

17779984 
20.^19982 

22.859980 

0.30480 
0.00960 
0.91440 
1. 21920 
1.52400 

1.82880 
2.13360 
2.43840 
2.74320 

0.91440 
1.82880 
2.74320 
3.65760 
4.57200 

C.48640 
6.40080 

7.3i5«9 
8.22959 

1.60934 
3.21869 
4.82803 

6.43737 
8,0467 1 

9.65606 
11.26540 
12.87474 
14.4840S 

I.1364Q 
2.27298 

3.40947 

tUlfs 

6.81894 

7-95544 
9.09193 

10.22842 

4.54596 
9.09103 

13.63789 
18.18385 

22.72982 

27.27578 
31.82174 

3636770 
40.91367 

3-63677 

7.27354 
1 0.9 103 1 

14.54708 

18.18385 

21.82062 

2545739 
29.09416 

32.73093 

8.72825 

11.63767 
14.54708 

17.45650 
20.36591 

23.27533 
26.18475 

SQUARE  MEASURE. 

WEIGHT  (Avoirdupois). 

I 

2 

3 
4 
5 

6 

7 
8 

9 

Square 

inches 

to  square 

centimeters. 

Square 

feet 

to  square 

decimeters. 

Square 

yards  to 

square 

meters. 

Acres  to 
hecures. 

I 
2 

3 

1  ^ 
5 

1  ^ 

Grains 
to  milli- 
grams. 

Ounces  to 
grams. 

Pounds 
to  kilo- 
grams. 

Hundred- 
weights to 
quintals. 

6.45159 
12.90318 

19.35477 
25.80636 

32.25794 

38.70953 
45.161 12 

51.61271 

58.06430 

0.29029 
18.58058 
27.87086 
37.161 15 
46.45144 

55.74I73 
65.03201 

74.3223a 

83.61259 

0.83613 
1.67225 
2.50838 

3.34450 
4.18063 

5.01676 
5.85288 
6.68901 

7-52513 

0.40468 
0.80937 
1. 2 1 405 
I.61874 
2.02342 

2.42811 
2.83279 

3.23748 
3.64216 

64.79802 
1 29.59784 

194.39675 
259.19567 
323.95J459 

388.79351 

453.59243 

5«»-39'3S 
583.19026 

28.34953 

85.04858 
1 13.3981 1 
141.74763 

170.09716 
198.44669 
226.79621 

255.J4574 

0.45359 
0.90718 

1.36078 

1.81437 
2.26796 

2.72155 

3-I75I5 
3-62874 
4.0S233 

0.50802 
I.01605 
1.52407 
2.03209 
2.54012 

3.04814 
3.55616 
4.06419 
4.57221 

CUBIC  MEASURE. 

Apothe- 
caries* 
Mbasurb. 

'     Avoirdupois 
I         {com/.). 

Trov  Wbight 

Apothe- 

CARIBS' 

Wbight 

I 
2 

3 
4 
5 

6 

7 
8 

9 

Cubic 

inches 

to  cubic 

centimeters. 

Cubic  feet 

to 

cubic 

meters. 

Cubic 

yards 

to  cubic 

meters. 

Fluid 
drachms 
to  cubic 

cenii- 
meters. 

1 

1 
2 

3 
4 

1  6 

7 
8 

9 

Tons  to 

milliers  or 

tonnes. 

Ounces  to 
grams. 

Penny- 
weights to 
grams. 

Scruples 

to 
grams. 

16.38702 

32.77404 
49.16106 
65.54808 
81.9351 1 

98.32213 
114.70915 
1 31.09617 
M7.48319 

0.02832 
0.0^663 
0.08495 
0.1 1327 
O.14158 

0.16990 
0.19822 
0.226  Q3 

0.25485 

0.76455 
1-52911 
2.29366 
3.05821 
3.82276 

4.58732 
5.35187 

6.1 1642 
6.88098 

.3.55153 
7.10307 

10.65460 

14.20613 

17.75767 

21.30920 
24.86074 
28.41227 
31.96380 

I.01605 
2.03209 
3.04814 
4.06419 
5.08024 

6.09628 
711233 
8.12838 
9.14442 

31.10348 
62.20696 

93.31044 
124.41392 

155.51740 

186.62088 

217.72437 
248.82785 

27993 '33 

1.55517 
3-IIO35 

4.66552 

6.22070 

*    7.77587 

9.33104 
10.88622 
12.44139 

13.99657 

1.29598 
2.Q9196 
3.88794 
5.18391 

6.47989 

7.77587 
9.07185 

10.36783 

11.66381 

Smithsonian  Tables. 


12 


Table  6. 
DERIVATIVES  AND  INTEGRALS.* 


d  ax 
d  uv 


u 

d- 

V 

doi^ 


df(u) 

de' 
de^* 

d  loge  X 
dsmx 


d  cosx 

d  tan  X 

d  cot  X 
d  sec  X 
d  CSC  X 
d  sin~*  X 
d  COS— 1  X 
d  tan->  X 
d  cot~>  X 
d  sec— 1  X 

d  CSC"*  X 

d  sinh  X 
d  cosh  X 
d  tanh  x 
d  coth  X 
d  sech  X 
d  csch  X 

d  sinh"*  X 

d  cosh-i  jp 
d  tanh—*  * 
d  coth"*  X 
d  sech—*  X 
d  csch"*  X 


=  adx 


(dv  ,    du\   , 


du  .    dv\ 
^  dx    ^dxjtix 


««"~*  dx 

e*dx 
ae^'dx 

"  dx 

X 

x*(iH-logeX) 
cos  X  dx 


=  —smxdx 


=  sec*  X  dx 


=  —CSC*  X  dx 
=  tan  «  sec  x  dx 
=^  —cot  x.scsxdx 

=  {i+:^)-^dx 

=  «-*  (jc«-i)-*  cix 
=  -X-'  (x^-i)-^  dx 
=  cosh  a:  rfjc 
=  sinh  x  dx 
=  sech'  X  dx 
=  — csch2  X  dx 
=  —sech  x  tanh  dx 
=  —csch  X  .  coth  X  dx 

=  (jc2-i)-*(i« 

=  (l-Jc2)-»rfiC 

=  -X-*  (x^-|-i)-» 


fx^dx 

dx 
x 


f 


fe^dx 
ft^^dx 

fx  e«'  dx 

/log  a;  i« 
fu  dv 

/(a+&r)»  i« 


= ,  unless  «=  —  I 

=  log  a; 


a 

=  X  log  ap— X 
=  u  v—/v  du 


(n+i)6 


/(fl2+«»)-i  (to      =  -  tan-i  -  = 

a  a 


-  sin 

a 


— 1^ 


2a        a — ; 


y*(a*— x*)"^  rf«      =  sin-*   -, or— cos- 

a 


-1* 


/x(a«±x*)-»rfa;  = 

ysin*  X  dx  = 

/cos2  x  (ix  8= 

ysin  X  cos  X  ix  = 
y"(sin  X  cosx)~*rfx 

y"tan  X  dx  = 

[/tan^xrfx  = 

/cot  X  Jx  = 

/cot*  X  rfx  = 

/esc  X  rfx  = 

/x  sin  xdx  ~ 

fx  cos  X  rfx  = 

/tanhxiix  = 

/coth  xiix  = 

/sech  X  rfx  = 

/csch  X  rfx  - 

fx  sinh  X  rfx  = 

fx  cosh  X  rfx  = 

/sinh'  X  dx  - 

/cosh2  -p  ^^  = 

/sinh  X  cosh  xdx  = 


-X 
X 

a 

—  i  cosxsinx-hj  X 
J  sin  X  cos  x-h  J  x 
i  sin^  X 

s=  log  tan  X 

-  —log  cosx 

=  tan  X— X 

=  log  sin  X 

=  — cot  X— X 

=  log  tan  }  X 

=  sin  X— X  cos  X 

■  cosx+x  sinx 

:  log  cosh  X 

:  log  sinh  X 

:  2  tan—*  e^^gd  u 

'  log  tanh  - 

=  X  cosh  X— sinh  x 
=  X  sinh  X— cosh  x 
=  }  (sinh  xcosh  x— x; 
:  i  (sinh  X  cosh  x+x) 
=J  cosh  (2  x) 


*  See  also  accompanying  table  of  derivatiTes.     For  example  :  /cos.  x  dx  ^z  tin.  x  +  constant. 
Smithsonian  Tables. 
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(«  +  y)" 


=  «'»+-  «»-!  y  +  — ^- — -  a;**-*  y*  -I-  . .  . 


al 


n(n-i)  .  .  .{n-m-\-i)    «   «    „,  . 


m 


iy'Kx*) 


(I  ±  x)» 


^^^^^n(«-i^^«Jn-0i«-3^^ 


2! 


(»-ik;!  k\ 


(w-  I) life! 


=  1  T  x+«*  T  ap*+«*  T  «*+  . .  . 


(I  ±  x)-» 

(I  ±  «)-«  =  I  T  2X+3X*  T  +«*+5«*  T  6ar«+  .  . . 

/(*+A) 


2i  ft  I 


f  (x)  ^f  (o)-\-  ~  f^  (0)+  ~  r  {0)  -h . .  •  -J  <")  ((?)  + . . . 

1  2:  n  I 

,.       /       .     l\„  I  I  I  I 

\       «/  1 1        2 1        3 1        4 1 


e*  = 


a 


X  ssz 


'+'+ri  +  l!  +  ;n  +  --- 


2I 


31 


«=  (:c-  I)  -  i  (a;  -  i)«  +  1  (x  -  i)»  -  .  . . 

= ,  r?jzi  ^ !  A-jy  H.  I  ^_^y  ^ ...  i 

L^+i       3  V-H  1/         5  V  +  1/    ^         J 


log  (I  +x) 
sin  .r 


=  iC-ix*  +  lJC*-i«*  + 


ac*       jf*        j:' 


cos  x  = 


_(e.x_,-.x)=,__^^  +  ___+... 


-  («•*  +  f -»';  =  1 ,  +  -1  -  7-,  +...  =  !—  versin  x 

2  2!       4!       0! 


tan  X  =  x  -I-  -   -H  —  +  -^—  +  -o-     a:»  4- .  .  . 
3  15         315        2835 


sin~'  X 


tan-*  X  =  -  —  cot.-»  X  =  X arH —  .x* x^  +  ... 

2  3  5  7 

_    IT  I  I  1 

~~  2  ""  i       3?  ""  5x» 

T  ^^9  ^^^  'y' 

sinh  x  =  -  (gx  -  «-*)  =  X  -H  jj  +  Ji  "^  7 !  ^  •  " 


(:r«<i) 

Taylor's 
series. 

Maclaurin's 
series. 


cos.-»  X  =  X  -\-  T  -^ —  .i?.-J_-   .:2.^._-   -f-... 

2  62452467 


(x«<x) 

(2>X>0) 

(x>o) 

(x*<oo) 
(jc«<Q0) 

(a:*<i) 

(x»<l) 

(x«>i) 

(x«<w) 
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I 

2 


cosh  *=-(«*  +  e-*)  =  I  +  — ,  -H  —  +  ^,  +  . . . 
I    -         2      .         17 


2! 


4!  ^  61 
«'  +  ... 


tanh  3c  =  X a:*  -H  —  x*  — 

23        245        2467 


1  ±    _I3i_.i3S   1_ 

2  2a:*       24  4x*       246  6x* 


=  log  20;  +  -  -,  -  ^  ^  — .  +  T  -  2 


•  •  • 


II  131  I   3  5    I 

cosh-»  jc  =  log  2x ^  — ^4  ■"  ~  T  Z  ;c« 

**  2  2.1c*       2  4  4x*        2  4  6  6x« 

3  5  7 

'     •        I      .       6i       , 

^  6  24  5040 

IT  .  I  sech'x        I  3  sech  *x 

= sech.  X ... 

2  23  245 

^  =  gd-i  0  =  0  +  ^  03  +  J.  ^5  +  ^6i_  ^^  _^ 

I                          irjc                     2TX 
/■  (jc)  =  -  bo  +  b,  cos H  b,  cos 1-  •  •  • 

2  C  t 


»"X  2  tPX 

+  ai  sin  —  4-  ai  cos  -f- 


(«»>i) 

(«*<  I) 

(x  small) 
(x  large) 

{-c<x<c) 


m  T  X   . 
sin ax 


C^     —  c 

,  ^  f'^  c   J.,  .         mv  x   , 


Table   8.- MATHEMATICAL  CONSTANTS. 


e  = 


,— I  = 


M  =  logio? 

(M)-»  =  loge  10 
logio  logioc 


2.71828  18285 
0.36787  94412 

0.43429  44819 
2.30258  50930 
963778  43 "3 


log,o2  =  0.30102  99957 
log^2  =  0.69314  71806 
logiox  =  M.log^ 
logijx  =  logex.  log^ 

=  log^  -5-  log^B 
log**"  =  1.14472  98858 

p  =z  0.47693    62762 

\ogp  =  9.67846  03565 


Numbers. 

T  =  3.I4I59  26536 
9.86960  4401  I 
0.31830  98862 

177245  38509 
0.88622  69255 

0.56418  95835 

1. 12837  9167I 

I.2533I    41373 


I 

r 

\/' 

2 
I 

2        

2 


-W-   =  0.79788   45608 


-   =  0.78539    81634 

4 

'^  =  0.44311    34627 
4 

e 


V 


2  T 


4.18879    02048 
108443    75514 


Logarithms. 
0.49714  98727 

0.99429  97454 

9.50285  0127*3 

0.24857  49363 

9-94754  49407 
9.75142  50637 
0.05245  50593 
0.09805  99385 
9.90194  00615 
9.89508  98814 
9.64651  49450 
0.62208  86093 
0.03520  45477 


Sun 


Table  9. 

15 

VALUES  OP  RECIPROCALS,  SQUARES,  < 

CUBES, 

SQUARE  ROOTS,  OP 

NATURAL 

NUMBERS. 

n 

iooo.i 

»4 

«« 

v« 

n 

1000.J 

«a 

«» 

V« 

10 

100.000 

100 

1000 

3-1623 

65 

15.3846 

4225 
4356 
4489 

274625 
287496 

8.0623 

II 

00.9091 

83.3333 
76.9231. 

71.4286 

121 

^^^l 

3.3166 

66 

i5.>5"5 

8.1240 

12 

144 

J72S 

3.4641 

67 

14.9254 

300763 

8.1854 
8.2462 

13 

169 

2197 

36056 

68 

14.7059 

4624 

314432 

14 

196 

2744 

3-7417 

69 

14.4928 

4761 

328509 

8.3066 

15 

66.6667 

225 
256 

3375" 

3-8730 

70 

14.2857 

4900 

343000 

8.3666 

16 

62.5000 

4096 

4.0000 

71 

14.0845 

5041 

3579" 

8.4261 

17 

58.823s 

55-5555 

289 

49*3 

4. 1 23 1 

72 

13.8889 

5184 

373248 

8.4853 

18 

324 

X32 
6859 

4.2426 

73 

13-6986 

5329 

389017 

8.5440 
8.6023 

'9 

52.6316 

361 

4-3589 

74 

13.5135 

5476 

405224 

20 

50.0000 

400 

8000 

4.4721 

75 

'3-3333 

5625 
5776 

421875 

8.6603 

21 

47.6190 

441 

9261 

4.5826 

76 

13-1579 

438976 

8.7178 

22 

45-4545 

484 

10648 

11 

12.0870 

mi 

456533 

8.7750 

23 

43.4783 

529 

12167 

4.7958  , 

12.8205 

474552 

8.8318 
8.8882 

24 

41.6667 

576 

13824 

4.8990 

79 

12.6582 

6241 

493039 

25 

40.0000 

625 

15625 

5.0000 

80 

12.5000 

6400 

512000 

8.9443 

26 

38.4615 

676 

17570 
19683 

5-0990 

81 

12.3457 

6561 

53 '44 I 

9.0000 

27 

37.0370       729 

5.1962 

82 

1 2. 19s  I 

6724 

S5'368 

9.0554 

28 

357143 
344828 

784 

219C2 
24389 

5.2915 ' 

!3 

1 2.0482 

6889 

571787 

9.1 104 

29 

841 

5.3852 

84 

11.9048 

7056 

592704 

9.1652 

30 

33-3333 

900 

27000 

5-4772 

85 

11.7647 

7225 
7396 

614125 

9.2195 
9.2736 

31 

32.2581 

961 

29791 

5.5678 

86 

11.6279 

636056 

32 

31.2500 

1024 

32768 

5.6569 

U 

11.4943 

7569 

6^8503 
6: 1472 

9-3274 

33 

30.3030 

1089 

35937 

57446 

88 

11.36^6 
11.2360 

7744 

9.3808 

34 

29.4118 

1156 

39304 

5.8310 

89 

7921 

704969 

9-4340 

35 

28.5714 

I22C 
1296 

42875 

5.9161  1 
6.0000 

90 

II. nil 

8100 

729000 

9.4868 

36 

27-7778 

46656 

91 

lo® 

8281 

im 

9.5394 

37 

27.0270 

1369 

50653 

6.0828 

92 

8464 

9. 59' 7 
9-0437 

38 

26.3158 
25.6410 

1444 

54872 

6.1644 

93 

10.7527 

S649 

§^4357 
830584 

39 

I52I 

59319 

6.2450 

94 

10.6383 

8836 

9-6954 

40 

25.0000 

1600 

64000 

6.3246 

95 

10.5263 

9025 

15737s 
884736 

9.7468 

41 

24.;  902 
23.809? 

23-2558 

1681 

68921 

6.4031 

96 

10.4167 

9216 

9.7980 

42 

1764 

74088 

6.4807 

97 

10.3093 

9409 

912673 

9.8489 

43 

1849 

2^527 

6.5574 
6.0332 

98 

10.2041 

9604 

941 192 

9.8995 

44 

22.7273 

1936 

85184 

99 

lO.IOIO 

9801 

970299 

9-9499 

45 

22.2222 

2025 

91 125 

6.7082 

100 

lo.oeoo 

lOOOO 

lOOOOOO 

10.0000 

46 

21.7391 

2IIO 

97330 

6.7823 

lor 

9-90099 
9.80392 

9.70874 

1020 1 

I 030301 
1 061 208 

10.0499 

47 

21.2766 

2209 

103823 

6.8557 
6.9282 

102 

10404 

10.0995 

48 

20.8333 
2a4o82 

2304 

1 10592 
I I 7649 

*03 

10609 

1092727 

10.1489 

49 

2401 

7.0000 

104 

9.61538 

108X6 

1 1 24864 

10.1980 

50 

20.0000 

2500 
2801 

125000 

7.071 1 

105 

9.52381 

1 1025 

' ' 57625 
II9IOIO 

10.2470 

5« 

19.6078 

I 3265 I 

7.1414 

106 

9-43396 

1 1236 

10.2956 

52 

10.230S 
18.8679 

•2704 

140608 

7.2m 

107 

9-34579 

I  1449 

1225043 

10.3441 

S3 

2809 

148877 

7.2801 

108 

9.25926 

1 1664 

I  2597 1 2 

10.3923 

54 

18.5185 

2916 

1 57464 

7-3485 

109 

91743' 

I1881 

1295029 

10.4403 

55 

i8.i8t8     3025 

166^75 

7.4162 

110 

9.09091 

I2IOO 

I33IOOO 
I 36763 I 

10.4881 

56 

17.8571 

3136 

175616 

7-4833 
7.5498  1 

III 

9.00901 

I232I 

'  0.5357 

57 

17-5439 

3249 

185193 

112 

8.92^57 

12544 

1404928 
1442897 

10.5830 

58 

17.2414 

3364 

195112 

7.6158 

"3 

8.84956 

12769 

10.6301 

59 

16.9492 

3481 

205379 

7-681 1 

114 

8.77193 

12996 

I 48 I 544 

10.677 1 

60 

16.6667 

3600 

216000 

7.7460 

115 

8.69565 

13225 

1520875 
1560896 
1601613 

10.7238 

61 

16.3934 

3721 

226981 

7.8102 

1     116 

8.62069 

10.7703 

62 

16.1290 

3844 

238328 

7.8740  1 

117 

8.54701 

10.8167 

^3 

15.8730 

3969 

250047 
262144 

7-9373 

118 

8.47458 

'3924 

1643032 

10.8628 

64 

1 5.6250 

4096 

8.0000 

1  ..9 

8.40336 

I4161 

1685159 

10.9087 
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VALUES  OF  RECIPROCALS,  SQUARES,  CUBES,  SQUARE   ROOTS, 

OF   NATURAL   NUMBERS. 


n 

looo-i 

«3 

«8 

I 

V«    1 

i 

1 

1000.) 

»2 

«« 

v« 

120 

I'Zzm 

14400 

1728000 

1 
10.9545 

175 

5.71429 

30625 
30976 

5359375 

13.2288 

121 

8.26446 

14641 

1771561 

11.0000  { 

176 

5.68182 

5451776 

1  13.2665 

122 

8.19672 

14884 

1815848 

11.0454  1 

^77 

5.64972 

31329 
31684 

5545233 
5639752 

13-3041 

«3 

8.13008 

I5129 

1860867 

11.0905 

178 

5.61798 

13-3417 

124 

8.06452 

15376 

1906624 

i»-i355 

1      179 

5.58659 

32041 

5735339 

13-3791 

125 

8.00000 

15625 

1953^5 

11.1803 

180 

5-55556 
5.52486 

32400 

5832000 

13-4164 

126 

7-93651 

15876       2000376 

11.2250 

'      181 

32761 

5929741 

13-4536 

127 

7.87402 

1 61 29 

204^383 

11.2694 

182 

5-49451 

33124 

6028568 

134907 

128 

7.81250 

16384 
1664I 

2097 1 52 
2146689 

1 1. 3137 

"!3 

5.46448 

33489 

6128487 

13-5277 

129 

7-75194 

".3578 

184 

543478 

33856 

6229504 

13-5647 

130 

'7-69231 

16900 

2197000 

1 1. 4018 

185 

5.40541 
5-37034 

34225 

6331625 

13.6015 

131 

7-63359 

I7161 

2248091 

11-4455 

186 

34596 

6434856 

13.6382 

132 

757576 
7.51880 

17424 

2299968 

114891 

'll 

5-34759 

34969 

6539203 
6644672 

13.6748 

133 

17689 

2352637 

11.5326 

188 

5-3»9»5 

35344 

i3-7"3 

*34 

7.46269 

17956 

2406104 

11.5758 

189 

5.29101 

35721 

6751269 

13-7477 

135 

7.40741 

18225 
18496 

2460375 

11.6190 

190 

5.26316 

36100 

6859000 

13.7840 

136 

735294 

2515456 

11.6619 

191 

5-23560 
520833 

36481 

6967871 

13.8203 

^^l 

7.29927 

18769 

2571353 

11.7047 

192 

36864 

7077888 

13.8564 

138 

7-24638 

19044 

2628072 

"•7473 
11.7898 

»93 

5-18135 

37249 

7189057 
7301384 

13.8924 

139 

7.19424 

19321 

2685619 

194 

5.15464 

37636 

13.9284 

140 

7.14286 

'9600 

2744000 

11.8322 

195 

5.12821 

38025 

7414875 
7529536 

13.9642 

141 

7.09320 

19881 

2803221 

11.8743 

196 

5.10204 

^ 

14.0000 

142 

7.04225 

20164 

2863288 

X  1.9164 

'97 

5.07614 

7645373 

14.0357 

M3 

6.99301 

20449 

2924207 

11.9583 

198 

5-05051 

39204 

7762392 

14.0712 

144 

6.94444 

20736 

2985984 

12.0000 

199 

5-02513 

39601 

7880599 

14.1067 

145 

6.8965s 

21025 

3048625 
3112136 

12.0416 

200 

5.00000 

40000 

8000000 

14.1421 

146 

6.84932 

2I316 
21609 

12.0830 

201 

4.97512 

40401 

8 I 20601 

14.1774 

147 

6.80272 

3*76523 

12.124^ 

202 

• 

4.95050 

40804 

8242408 

14.2127 

148 

6.75676 

21904 

3241792 

12.2066 

203 

4.9261 1 

41209 

8365427 

14.2478 

149 

6.71 141 

22201 

3307949 

i      204 

4.90196 

41616 

8489664 

14.2829 

150 

6.66667 

22500 
22801 

3375000 

12.2474 

205 

4.87805 

42025 
42436 

8615125 

14-3178 

151 

6.62252 

3442951 
351x808 

12.2882 

1      206 

4.85437 

8741816 

H.3527 
14-3875 

152 

6.57895 

23104 

12.3288 

1      207 

4.83092 

42849 

8869743 
8998912 

153 

6.53595 

23409 

3581577 
3652264 

12.3693  i 

1      208 

1 

4.80769 

43264 

14.4222 

154 

6.49351 

23716 

12.4097 

209 

1 

4.78469 

43681 

9129329 

144568 

155 

6.45 1 61 

24025 
24336 

37238^5 
3796416 

12.4499 

:  210 

4.76190 

44100 

9261000 

14.4914 

156 

6.41026 

12.4900 

211 

1 

4-73934 

44521 

9393931 

14.5258 

'57 

6.36943 

24649 

3869893 

12.5300  ! 

212 

4.71698 

44944 

9528128. 

14.5602 

158 

6.3291 1 

24964 

3944312 

12.5698  1 

213 

4-69484 

45369 

9663597 

14-5945 

159 

6.28931 

25281 

4019679 

12.6095  ! 

214 

4.67290 

45796 

9800344 

14.6287 

160 

6.25000 

25600 

4096000 

12.6491 
12.6886 

215 

4.65  II 6 

46225 
46656 
47089 

9938375 
10077696 

14.6629 

161 

6.21118 

25921 

4173281 

216 

4-62963 

14.6969 

162 

6.17284 

26244 

4251528 

12.7279 

^^l 

4.60829 

J0218313 

1 4.7309 

163 

6.13497 

26^69 
26896 

4330747 

12.7671 

218 

4.58716 

47524 

10360232 

14.764S 

164 

6.09756 

4410944 

12.8062 

219 

4.56621 

47961 

10503459 

14.7986 

165 

6.06061 

27225 

4492125 

12.8452 

220 

4-54545 

48400 

10648000 

14.8324 

166 

6.02410 

27^56 

4574296 

12.8841 

'      221 

4.52489 

48841 

10793861 

14.8661 

167 

5.98802 

27889 

4657463 

12.9228 

222 

4-50450 

49284 

10941048 

14.8997 

168 

595238 

28224 

4741632 

12.9615 

1      223 

4-48430 

49729 

11089567 

\rM 

169 

5.91716 

28561 

4826809 

13.0000  1 

224 

4.46429 

50176 

11239424 

170 

5.88235 

28900 

4913000 

130384  1 

225 

444444 

50625 

11390625 
11 543176 

15.0000 

171 

5-84795 

29241 

5000211 

13.0767 

226 

442478 

51076 

15-0333 

172 

5-81395 

29584 

5088448 

I3-M49 

'      227 

4.40529 

51529 

1 1697083 

15.0665 

173 

5-78035 

29929 

5»777i7 

'  3- 1 529 

228 

tS^r 

51984 

1 1852352 

15.0997 

174 

5-74713 

\    30276 

1  5268024 

13.1909 

1 

229 

52441 

12008989 

15.1327 
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Table  9  {contitmtd),  1 7 

VALUES  OF  RECIPROCALS,  SQUARES,  CUBES,  AND  SQUARE  ROOTS,  OP 

NATURAL  NUMBERS. 


1 
n 

looai 

tfi 

«• 

v« 

n 

1 

lOOO.J 

»2        «8 

v« 

230 

231 
232 

233 
234 

4-34783 
4.32900 

4.31034 
4.29185 

4.27350 

52900 
53361 
53824 
54289 
54756 

12 167000 
I 2326391 

1 2487 1 68 

12649337 
12812904 

15.1658 

15.1987 

15-2315 
1 5-2643 
15.2971 

285 

286 

1  287 

288 

289 

3-50877 
3.49650 

3-48432 
3.47222 

3.46021 

81225 

;  81796 
82369 
82944 

83521 

23149125 

23393656 

23639903 
23887872 

24137569 

16.8819 
16.9115 
16.941 1 
16.9706 
17.0000 

235 

?^ 
238 

239 

4.25532 

4.23729 
4.21941 

4.20168 

4. 1 8410 

56169 

56644 
57121 

12977875 
I 3144256 

13312053 

I 3481 272 

13651919 

15-3297 
15.3623 
15.3948 
15.4272 

15.4596 

1 

290 

29! 
292 

293 
294 

3.44828 

343643 
3.42466 

3-41297 
3.40136 

84100 
84681 
85264 

24389000 

1  24642171 

24897088 

25153757 
25412184 

17.0294 
1 170587 
1 17.0880 

1 17.1172 
17.1464 

240 

241 
242 

243 
244 

4.16667 

4.14938 
4.13223 

4.H523 
4.09836 

57600 
58081 
58564 
59049 
59536 

13824000 

13997521 
141 72488 

44348907 
14526784 

15.4919 
15.5242 

'55563 
15-5885 
15.6205 

295 

296 

297 
298 

!  299 

3-37838 
3.36700 
3.35570 
3-34448 

87025 
87616 
88209 
88804 
89401 

25672375 
25934336 
26198073 
26463592 
26730899 

17.1756 
17.2047 

17.2337 
17.2627 

17.2916 

245 

246 
247 
248 
249 

4.08163 
4.06  J04 
4.04858 
4.03226 
4.01606 

60025 
60516 
61009 
61504 
62001 

14706125 
14886936 
15069223 
15252992 

.  15438249 

15-6525 

15.6844 
15.7162 

15.7480 
15-7797 

300 

301 
302 

303 
304 

3-33333 
3.32226 

3.31126 

3.30033 
3-28947 

90000 
90601 
91204 
91809 
92416 

27000000 
27270901 
27543608 
27818127 
28094464 

17.3205 
17.3494 
17.3781 
17.4069 

17.4356 

250 

251 
252 

253 
254 

4.00000 
3.98406 
3.96825 

3.95257 
3.93701 

62500 
63001 

63504 
64009 

64516 

15625000 
IJ813251 
16003008  . 
161Q4277 
16387064 

15-8114 
15.8430 

15-8745 

15.9060 

15-9374 

305 

306 

308 
309 

3-27869 
3-26797 
3-25733 
3.24675 
323625 

93025 

94249 
94864 
95481 

28372625 
28652616 

28934443 
29218112 

29503629 

17.4642 
17.4929 
17.5214 

17-5499 
17.5784 

255 

256 

258 
259 

3-92157 
3-90625 
3.89105 

3.87597 
3.86100 

65025 

66049 
66564 
670S1 

16581375 
16777216 

16974593 
17173512 

17373979 

15-9687 

16.0000 
16.0312 
16.0624 

16.0935 

310 

311 
•312 

313 
314 

3.22581 

321543 
3-20513 

3.19489 

3.18471 

96100 
96721 

97344 

97969 
98596 

29701000 
30080231 
30371328 
30664297 
30959144 

17.6068 

17.6352 
17.6635 
17.6918 
17.7200 

260 

261 
262 

264 

3.84615 

3.83142  i 
3.81679  , 
3.80228 
3.78788 

67600 
68121 

68644 
69169 
69696! 

17576000 
17779581  ■ 
17984728  \ 
18191447 

18399744 

16.1245 

16.1864 
16.2173 

16.2481 

315 

316 

3'7 
318 

319 

3.17460 

3.16456 

3-15457 

314465 
3.13480 

99225 
99856 
100489 
101 124 
101761 

31255875 
31554496 
31855013 
32157432 
32461759 

17.7482 

17.7764 
17.8045 
17.8326 
17.8606 

265 

266 
267 
268 
269 

3-77358  70225 
3.75940  70756 
3-74532  71289 
373»34  71824  1 

371747  i  72361  ! 

18609625  16.2788 
18821096  16.3095 
19034163  1  16.3401 
19248832  16.3707 
19465109  j  16.4012 

320 

321 
322 

323 
324 

3.12500 
3-115^6 

310559 
309598 
3.08642 

102400 
103041 
103684  \ 
104329 
104976 

32768000 
33076161 
33786248 
33698267 
34012224 

17.8885 
17.9165 

17.9444 
17.9722 

18.0000 

270 

271 
272 

273 
274 

3-70370 
3.69004 
3.67647 
3.66300 
3.64964 

72900 

73441 
73984 
74529 
75076 

19683000  \   16.4317 
19902511  16.4621 
20127648  16.4924 
20348417  16.5227 
20570824  16.5529 

325 

326 

'  327 
328 

329 

3.07692  1 
3.06748 
3.05810 
3.04878 

303951  1 

105625 
100276 
106929 
107584 
10S241 

34328125 
34645976 
34965783 
35287552 
35611289 

18.0278 

18.0831 
18.1108 
18.1384 

275 

276 

278 
279 

3.63636 
3.62319 
3.61011 
3-59712 
358423 

76729 
77284 
77841 

20796875 
21024576 

21253933 
21484952 

21717639 

16.5831 

16.6132 

16.6433 

16.6733 
16.7033 

330 

331 
332 
333 
334 

3.03030 
3.02115 
3.01205  ; 
3.06300 
2.99401 

108900 
109561 
I 10224 
110889 
111556 

35937000 
36264691 
36594368 
36926037 

37259704 

18.1659 
18.1934 

18.2209 
18.2483 
18.2757 

280 

281 
282 

284 

3- 57 1 43 
355872 
3.54610 

3-53357 
3.52113 

78400 

78961 
J9524 

800S9 
80656 

219C2000 
22188041 
22425768 
22665187 
22906304 

16.7332 
16.7631 
16.7929 
16.8226 
16.8523 

335 

336 
337 
338 

339 

2.98507 
2.97619 
2.96736 
2.95858 

2.94985 

112225 
112896 

113569 
114244 

114921 

37595375 
37933050 

38272753 
38614472 

38958219 

18.3030 

18.3303 
18.3576 

18.3848 

18.4120 
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VALUES  OP  RECIPROCALS,  SQUARES,  CUBES,  AND  SQUARE   ROOTS 

OP   NATURAL   NUMBERS. 


340 

341 
342 

343 
344 

345 

346 

34Z 
348 

349 

350 

351 
352 

353 
354 

355 

356 

358 
359 

360 

361 
362 

364 

365 

366 

367 
368 

369 

370 

371 
372 

373 
374 

375 

376 
377 
378 
379 

380 

382 

383 
384 

385 

386 

387 
388 

389 

390 

391 
392 
393 
394 


looal 


2.94118 

2.93255 
2.92398 

2.91 

2. 

2.89855  i 
2.89017  ' 
2.88184  I 
2.87356 
2.86533  I 

2.85714 
2.84900 

2.84091  ; 
2.83286  i 
2.82486 

2.81690 
2.80899 
2.801 1 2 

2.79330 
2.78552 

2.77778 
2.77008 
2.76243 
2.75482 

2.74725 

2.73973 
2.73224 

2.72480 

2.71739 

2.71003 

2,70270 
2.69542 
2.68817 
2.68097 
2.67360 

2.66667 
2.65957 
2.65252 
2.64550 
2.63852 

2.63158 
2.62467 
2.61780 
2.61097 
2.60417 

2.59740 
2.59067 

2.58398 
2.57732 
2.57069 

2.56410 

2-55754 
2.55102 

2.54453 
2.53807 


15600 
16281 
16964 
17649 
18336 

19025 
19716 
20409 
21 104 
2x801 

22500 
23201 
23904 
24609 
25316 

26025 
26736 

27449 
28164 

28881 

29600 
30321 

3J044 
31769 
32490 

33225 

X 

35424 
361 61 

36900 
37641 
38384 
39129 
39876 

40625 

41370 
42129 
42884 

43641 

44400 
45161 

45924 
46689 

47456 

48225 

48996 
49769 

50544 
51321 

52100 
52881 
53664 
54449 
55236 


39304000 
3965 1821 
40001688 

40353607 
40707584 

41063625 
41421736 
41781923 
4214A192 
42508549 

42875000 

4324355* 
43614208 

43986377 
44361864 

44738875 
45118016 

45499293 
458827 1 2 

40268279 

46656000 
47045881 

47437928 
47832147 
48228544 

48627125 
49027896 
49430863 
49836032 
50243409 

50653000 
5106481 I 
51478848 
51895117 
52313624 

52734375 
53157370 
53582633 
54010152 

54439939 

54872000 

55306341 
55742068 

56181887 

56623104 

57066625 

575*2450 
57960603 
58411072 
58863869 

59319000 
59776471 
60236288 
60698457 
61 162984 


v« 


8.4391 
8.4662 

8u|932 
8.5203 
8.5472 

8.5742 
8.6011 
8.6279 
8.6548 
8.6815 

8.7083 

8.7350 
8.7617 

8.7883 
8.8149 

8.8414 
8.8680 

8.8944 
8.9209 

8.9473 

8.9737 
9.0000 

9.0263 

9.0526 

9.0788 

9.1050 
9.131 1 
9.1572 

9. '833 
9.2094 

9.2354 
9.2614 

9.2873 

9.3*32 

9.3391 

9.3649 

9.3907 
9.4165 

94422 

9.4679 

9.4936 
9.5192 
9.5448 
9.5704 
9.5959 

9.6214 
9.6469 
9.6723 

9.6977 
9.7231 

9.7484 

9.7737 
9.7990 

9.8242 
9.8494 


n 


395 

396 

397 
398 

399 

400 

401 
402 

403 
404 

405 

406 

407 
408 

409 

410 

411 
412 

413 

414 

415 

416 

4>7 
418 

419 

420 

421 
422 

423 
424 

425 

426 

tS 

429 

430 

43' 
432 
433 
434 

435 

436 

437 
438 

439 

440 

441 

442 

443 
444 

445 

446 

447 
448 

449 


iooo.i 


2.53165 
2.52525 
2.51889 
2.51256 
2.50627 

2.50000 

2.49377 
2.48756 

2,48139 
2.47525 

2.46914 
2.46305 
2.45700 
2.45098 

2.44499  I 

2.43902 

2.43309  I 
2.42718  ' 

2.42 1 31  I 

2.41546  I 

2.40964  I 

2.40385  ! 
2.39808  ; 

^M ' 

2.38095 

2.37530 
2.36967 
2.36407 

2.35849 

2.35294 
2.34742 

2.34192 

2.33645 
2.33100 

2.32558 
2.32019 
2.31481 

2.30947 
2.30415 

2.29885 
2.29358 
2.28833 
2.28311 
2.27790 

2.27273 
2.26757 
2.26244 

2.25734 
2.25225 

2.24719 
2.24215 
2.23714 
2.23214 
2.22717 


56025 
56816 
57609 

58404 
59201 

60000 
60801 
61604 
62409 
63216 

64025 
64836 

65649 
60464 
67281 

68100 
68921 

69744 
70569 
71396 

72225 
73056 
73889 
74724 
75561 

76400 
77241 
78084 

78929 
79776 

80625 
81476 
82329 
83184 
84041 

84900 
85761 
86624 

87489 
88356 

89225 
90096 
90069 
91844 


61629875 
62099136 


i- 


19.8746 
19^7 


62570773  I  19.9249 

63044792   19.9499 
63521 199   19.9750 


92721   84604519 

93600  851 8^000 

94481  857661 21 

95364  86350888 

96249  1  86938307 

97136  '  87528384 

98025  88121125 

98916  !  88716536 

99809  I  89314623 

200704  I  89915392 

201601  ;  90518849 


64000000 
64481 201 
64964808 
65450827 
65939264 

66430125  I 
66923416 

67419143 
67917312 

68417929 

68921000 
69426531 

69934528 
70444997 

70957944 

71473375 
71991296 

72511713 
73034632 

73560059 

74088000 
746 I 8461 
75151448 
75686967 
76225024 

76765625 
77308776 

77854483 
78402752 

78953589 

79507000 
80062991 
80621568 
81182737 
81746504 

8231287 
8288185 

83453453 
84027672 


20.0000 
20.0250 
20.0499 
20.0749 
20.0998 

20.1246 
20.1494 
20.1742 
2a  1990 
20.2237 

20.2485 
20.2731 
20.2978 
20.3224 
20.3470 

20.3715 
20.3961 

20I4206 

204450 

20.4695 

20.4939 
20.5183 
20.5426 
20.5670 
20.5913 


20.7364 
20.7605 
20.7840 
20.8087 
20.8327 

20.8567 
20.8806 
20.9045 
20.9284 
20.9523 

20.9762 
21.0000 
21.0238 
21.0476 
21.0713 


(1.0950 
11.1187 


21. 

2] 

21.1424 
21.1660 
21.1896 
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VALUES  OF  RECIPROCALS,  SQUARES,  CUBES,  AND  SQUARE   ROOTS 

OF   NATURAL   NUMBERS. 


r 


n 


450 

45' 
452 
453 
454 

455 

456 

458 
459 

460 

461 
462 

463 
464 

465 

466 
467 
468 
469 

470 

471 
472 

473 
474 

475 

476 

477 
478 

479 

480 

481 
482 

483 
484 

485 

486 
487 
488 

489 

490 

491 
492 

493 
494 

495 

496 

497 
498 
499 

500 

501 
502 

503 
504 


1000.^ 


«=" 


n* 


2.22222 
2^1729 
2.21239 
2.20751 
2.20264 

2.19780 
2.19298 
2.18818 
2. 1 834 1 
2.17865 

2.17391 
2.16920 
2.1641^0 

2.15983 
2.iS5»7 

2.15054 
2.14592 

2.14133 

2.13675 
2.13220 

2.12766 
2.12714 
2.11864 
2.11416 
2.10970 

2.10526 
2.10084 
2.09644 
2.09205 
2.08768 

2.08333 
2.07900 
2.07469 
2.07039 
2.06612 

2.06186 
2.05761 

2.05339 
2.04918 

2.04499 

2.04082 
2.03666 
2.03252 
2.02840 
2.02429 

2.02020 
2.01613 
2.01207 
2.00803 
2.00401 

2.00000 
1. 99601 
1.99203 
1.98807 
1. 9841 3 


202500 
203401 
204304 
205209 
2061 16 

207025 
207936 
208849 
209764 
210681 

21 1600 
212521 
213444 
214369 
215296 

216225 
217156 
218089 
219024 
219961 

220900 
221841 
222784 
223729 
224676 


225625 
226570 
227529 
228484 
229441 


230400 
231361 
232324 
233289 
234256 

235225 
236196 
237169 
238144 
2391 2 I 

240100 
241 08 1 
242064 
243049 
244036 

245025 
246016 
247009 
248004 
249001 

250000 
251001 
252004 
253009 
254016 


91 1 25000 

91733851 
92345408 

92959677 
93576664 

94196375 
94818816 

95443993 
96071912 

96702579 

97336000 
97972181 
98611128 
99252847 
99897344 

00544625 
01 194696 
01847563 
02503232 
03161709 

03823000 
04487111 
05154048 
05825817 
06496424 

07 17 1875 
07850176 

08531333 
09215352 

09902239 

10592000 
II 20464 I 
11980168 
12678587 
13379904 

1408412 
1479125 

15501303 
16214272 

16930169 

17649000 
I 83707 7 I 
19095488 

19823157 
20553784 

21287375 
22023936 

22763473 
23505992 
24251499 

25000000 
25751501 
26506008 
27263527 
28024064 


v« 


21.2132 
21.2368 
21.2603 
21.2838 

21.3073 

21.3307 
21.3542 

21.3776 

21.4009 

214243 

21.4476 
214709 
21.4942 
21.5174 
21.5407 

21.5639 

21.5870 
21.6102 

21.6333 
21.6564 

21.6795 
21.7025 
21.72  qo 
21.7486 
21.7715 

21.7945 
21.8174 
21.8403 
21.8632 
21.8861 

21.9089 
21.9317 

21.9545 

21.9773 
22.0000 

22.0227 
22.0454 
22.0681 
22.0907 
22.1133 


"'359 
5.1585 

m8ii 


22. 

22. 

22. 

22.2036 

22.2261 


22.2486 

22.2711 

22.2935. 

22.3159 

22.3383 

22.3607 
22.3830 
.22.4054 
22.4277 
22.4499 


H 


505 

506 

507 
508 

509 

510 

511 
512 

513 
514 

515 

516 

518 
519 

520 

521 
522 

523 
524 

525 

526 

527 
528 

529 

530 

531 
532 
533 
534 

535 

536 

537 
538 

539 

540 

541 
542 

543 
544 

545 

546 

547 
548 

549 

550 

551 
552 
553 
554 

555 

556 

557 
558 

559 


lOOO.j 


98020 
97628 

97239 
96850 

96464 

96078 

95695 
95312 

94932 

94553 

94175 
93798 
93424 
93050 
92678 

92308 

91939 
91 57 1 
91205 

90840 

90476 
0114 

„9753 
89394 
89036 

• 

88679 
88324 

87970 
87617 
87266 

.86916 

.86567 
.86220 

.85874 
•85529 

.85185 
.84843 
.84502 
.84162 
.83824 

.83486 
.83150 
.82815 
.82482 
.82149 

.81818 
.81488 
.81159 
.80832 
.80505 

.80180 

.79856 

•79533 
.7921 1 

.78891 


n* 


255025 
256036 

257049 
258064 

259081 

260100 
261 121 
262144 
263169 
2641^6 

265225 
266256 
267289 
268324 
269361 

270400 
271441 
272484 

273529 
274576 

270676 

277729 
278784 
279841 

280900 
281961 
283024 
284089 
285156 

286225 
287290 
288369 
289444 
290521 

291600 
292681 
293764 

294849 
295936 

297025 
2981 16 
299209 
300304 
301401 

302500 
303601 

304704 
305809 

306916 

308025 
309136 
310249 

3^364 
31 2481 


«« 


28787625 
29554216 

30323843 
31096512 

31872229 

32651000 

33432831 
34217728 

35005697 
35796744 

365< 

373^ 
38188413 
38991832 
39798359 

40608000 
41420761 
42236648 

43055667 
43877824 

4470312 

4553157 
46363183 

47197952 
48035889 

48877000 
49721 291 
50568768 

51419437 
52273304 

5313037 
5399065 

54854153 
55720872 

56590819 

57464000 
58340421 
592200S8 
&  103007 
60989184 

61878625 

6277 I 33S 

63667323 
64566592 

65469149 

66375000 
67284151 
6S196608 
69112377 
70031464 


72808693 
73741112 
74676879 


yin 


22.4722 
22.4944 
22.5167 
22.5389 
22.5610 

22.5832 
22.0053 
22.6274 
22.6495 
22.6716 

22.6936 
22.7156 
22.7376 
22.7596 
22.7816 

22.8035 
22.8254 
22.8473 
22.8692 
22.8910 

22.9129 

22.9347 
22.9565 

22.9783 

23.0000 

23.0217 

23.0434 
^3.0651 

23.0868 

23.1084 

23.1301 

23.'5i7 

23.1733 
23.1948 

23.2164 

232379 
23.2594 

23.2809 

23,3024 

23.3238 

23-34J 

23. 3r 

23.3880 

23.4094 

23.4307 

234521 
23.4734 

23.4947 
23.5160 

23-5372 

23.5584 

23.5797 
23.6008 

23.6220 

23.6432 
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Table  9  {anUimud). 

OF  RECIPROCALS,  SQUARES,  CUBES,  AND  SQUARE   ROOTS 

OF   NATURAL   NUMBERS. 


n 


560 

564 

565 

566 

507 
568 

569 

570 

571 
572 

573 
574 

575 

576 

578 
579 

580 

5|' 

5f3 
584 

585 

586 

587 
588 

589 

590 

591 
592 

593 
594 

595 

596 

597 
598 
599 

600 

601 
602 
603 
604 

605 

606 
607 
608 
609 

610 

611 
612 
613 
614 


lOOO.i 


78571 
78253 

77936 

77620 

77305 

76991 
76678 

76367 

76056 
75747 

75439 

7  5 '31 
74825 

74520 
74216 

73913 
7361 1 

73310 
73010 
72712 

72414 
72117 
71821 

71527 
71233 

70940 
70648 

70358 
70068 

69779 

69492 
69205 
68919 
68634 
68350 

68067 
67785 

67504 
67224 

66945 

66667 
66389 
66113 

65837 
65563 

65289 
65017 

64745 
64474 
64204 

63934 
63666 

63399 
63132 

^2866 


313600 

314721 
315844 
316969 

318096 

319225 
320356 

321489 
322624 

323761 

324900 
326041 
327184 
328329 
329476 

33062 

332929 
334084 
335241 

336400 
337561 
338724 
339889 
341056 

342225 
343390 
344569 
345744 
346921 

348100 
349281 
350464 
351649 
352836 

354025 
355216 

356409 

357604 

358801 

360000 
361201 
362404 
363609 
364816 

366025 
367236 
368449 
369664 
370881 

372100 
373321 
374544 
375769 
376996 


n* 


75616000 
76558481 
77504328 

78453547 
79406144 

80362125 
81321490 
82284263 
83250432 
84220009 

85193000 
861694 I I 
87149248 
88132517 
891 19224 

90109375 
91 102976 

92100033 

93100552 

94104539 

112000 
22941 
97137368 
98155287 
99176704 


200201625 
201230056 
202202003 
203297472 

204336469 

205379000 
206425071 
207474688 
2085278^7 
209584584 

210644875 
21 1708736 
212776173 
2 I 3847 I 92 

214921799 

216000000 
217081801 
218167208 
219256227 
220348864 

221445125 
222545016 
223648543 
224755712 
225866529 

226981000 
228099131 
229220928 

230346397 
231475544 


v« 


23.6643 
23.6854 
23.7065 

23.7276 

23.7487 

237697 
23.7908 

23.8118 

23.8328 

23-8537 

23.8747 
23.8956 

23.9165 

239374 
23-9583 

23.9792 

24.0000 
24.0208 
24.0416 
24.0624 

24.0832 
24.1039 
24.1247 

24.1454 

24.1661 

24.1868 

24.2074 
24.2281 
24.2487 

24.2693 

24.2899 

24.3105 

24.33" 
24.3516 

24.3721 

24.3926 
24.4131 

24.4336 
24.4540 

24.4745 

24.4949 
24.5153 
24.5357 

24.5501 
24.5764 

24.5967 

24.6171 

24.6374 

24.6577 
24.6779 

24.6962 
24.7184 
24.7386 

24.7588 

24.7790 


615 

616 
617 
618 
619 

620 

621 
622 
623 
624 

625 

626 
627 
628 
629 

630 

631 
632 

633 
634 

635 

636 

637 
638 

639 

640 

641 
642 

643 
644 

645 

646 
647 
648 

649 
650 

652 
654 

655 

656 

^5Z 
658 

659 

660 

661 
.662 
663 
664 

665 

666 
667 
668 
669 


iooo.i 


62602 

62338 

62075 

6I8I2 

6155' 

61290 
61031 
60772 

60514 


n* 


378225 

379456 
380689 
381924 
383161 

384400 
385641 
386884 
388129 


«* 


)2V 


58730 

5!^79 
58228 

57978 

57729 

57480 

57233 
56986 

56740 

56495 

56250 
56006 

55763 
55521 
55280 

55039 

54799 
54560 

54321 
54083 

53846 
53610 

53374 
53139 
52905 

52672 

52439 
52207 

51976 

51745 

515^5 
51286 

51057 
50830 

50602 

50376 
50150 

49925 
49701 

49477 


60256  I  389376 

I 
60000  I  390625 

59744  ,  391876 
59490  ;  393129 
59236  394384 
395641 

396900 
398161 

399424 
400689 

401956 

403225 
404496 

405769 

407044 
408321 

409600 
410881 
412164 

413449 
414736 

416025 
417310 
418609 
419904 
421201 

422QOO 
423801 
425104 
426409 
427716 

429025 

430336 
431649 
432964 
434281 

435600 

436921 
438244 

439569 
440896 

442225 

443556 
444889 

446224 
447561 


232608-575 

233744896 
234885113 
236029032 
237176659 

238328000 
239483061 
240641848 

241804367 
242970624 

244140625 

245314376 
246491883 

247^73152 
24885S189 

250047000 

251239591 
252435968 

253636137 
254840104 

256047875 

257259456 

258474853 
259694072 
260917 119 

262144000 
263374721 
264609288 
265847707 
267089984 


i' 


;i25 

»n6 


2683' 

270840023 
272097792 

273359449 


274625000 

275894451 
277167808 

278445077 
279726264 

281011375 
282300416 

283593393 
284890312 

286191 179 

287496000 
288804781 
2901 17528 
291434247 

292754944 

294070625 
295408296 
296740963 
298077632 
299418309 


24.7992 
24.8193 
24.8395 
24.8596 
24.8797 

24.8998 
24.9199 

24.9399 
24.9600 

24.9800 

25.0000 
25.0200 
25.0400 
25.0599 

25-0799 

25.0998 
25.1197 
25.1396 

25-1595 
25-1794 

25.1992 
25.2190 
25.23S9 
25.2587 
25.2784 

25.2982 
25.3180 

253377 

25-3574 
25.3772 

253969 
25.4165 

25.4362 

25.4558 

25-4755 

25.4951 

25-5147 
25-5343 
25-5539 
25-5734 

255930 
25.6125- 
25.6320 

25-6515 
25.6710 

25,6905 
25.7099 
25.7294 
25.7488 
25.7682 

25.7876 
25.8070 
25.8263 
25.8457 
25.8650 
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Table  9   {amtimied).  2 1 

VALUES  OF  RECIPROCALS,  SQUARES,  CUBES,  AND  SQUARE  ROOTS 

OF  NATURAL  NUMBERS. 


n 

670 

671 
672 

674 

lOOO.J 

«a 

«8 

V" 

\  725 

1  726 

!  727 
728 

729 

10004 

«2 

«8 

v« 

1.49254 

1. 4903 1 
1.48810 

1.48588 
1.48368 

448900 
450241 

451584 
452929 

454276 

300763000 
3021 1 17  1 1 
303464448 
304821217 
306182024 

25.8844 

25-9037 
25.9230 

25.9422 

25.9615 

1-37931 
1-37741 
'•37552 
» 37363 

» -37 1 74 

525625 
527076 
528529 

529984 
531441 

381078125 
382657176 
384240583 
385828352 
387420489 

26.9258 

26.9444 

26.9629 
26.981 5 
27.0000 

675 

676 

677 
678 

679 

I.48I48 

1.47929 
I.477IO 

1-47493 
1-47275 

455625 
456976 

458329 
459684 
461041 

307546875 

308915776 
310288733 
31 1665752 
313046839 

25.9808 

26.0000 
26.0192 
26.0384 
26.0576 

730 

732 
733 
734 

136986 

1-36799 
1. 3661 2 

1.36426 

1.36240 

532900 
534361 
535824 
537289 
538756 

389017000 
39061 789 I 
392223168 

393832837 
395446904 

27.0185 
27.0370 

27-0555 
27.0740 

27.0924 

680 

681 
682 

683 
6S4 

1.47059 
1.46843 
1.46628 
1. 46413 
1 46199 

462400 
463761 
465124 
466489 
467856 

314432000 
31582124I 
317214^68 
318611987 
320013504 

26.0768 

26.0960 
26.II5I 

26.1343 
26.1534 

735 

736 
737 
738 
739 

1-36054 
1.35870 

1.35685 
1.35501 
1-35318 

540225 
541696 

543169 

544644 
546121 

400315553 
401947272 
403583419 

27.1109 
27.1293 
27.1477 
27.1662 
27.1846 

685 

686 
687 
688 
689 

MS985 
1-45773 
145560 

1-45349 
145138 

469225 

470596 

471969 

473344 
474721 

32I419125 
322828856 
324242703 
325660672 
327082769 

26.1725 
26.1916 
26.2107 
26.2298 
26.2488 

740 

:  741 
742 

743 
744 

1-35135 
1-34953 
1-34771 
1.34590 
1-34409 

547600 

549081 

550564 
552049 

553536 

405224000 
406869021 
408518488 
4IOI72407 
411830784 

27.2029 
27.2213 
27.2397 
27.2580 
27.2764 

690 

692 

^^ 
694 

r.44928 
1.44718 
1.44509 
1.44300 
1.44092 

476100 

477481 
478864 
480249 
481636 

328509000 
329939371 

33 » 373888 
332812557 

334255384 

26.2679 
26.2869 

26.3059 
26.3249 

26.3439 

745 

746 
747 
748 

749 

1.34228 
1.34048 

1.33869 
1-33690 

1-335" 

555025 

556516 
558009 

559504 
561OOI 

413493625 
415160936 
4-16832723 
418508992 
420189749 

27-2947 
27-3130 

27.3313 
27.3496 

27-3679 

695 

697 
699 

1.4388s 
1.43678 
1.43472 
1.43266 
1.43062 

483025 
484416 

485809 
487204 
488601 

335702375 

340368392 
341532099 

26.3629 

26.3818 

26.4008 

264197 
26.4386 

1 

750 

751 
752 

753 
754 

1-33333 
'.33156 

1.32979 
1.32802 

1.32626 

562500 
564001 

565504 
567009 
568516 

421875000 

423564751 
425259008 

426957777 

428661064  . 

27.3861 
27.4044 
27.4226 
274408 
27.4591 

700 

701 
702 

703 
704 

1-42857 
r. 42653 
1.42450 
1.42248 
1.42045 

490000 
491401 
492804 
494209 
495616 

343000000 
344472IOI 
345948408 
347428927 
348913664 

26.4575 1 

26.4764 

26.4953 

26.5141 

26.5330 

755 

756 

758 
759 

1-32450 

1-32275 
1.32100 

1.31926 
1-31752 

570025 
571536 
573049 
574564 
576081 

430368875 
432081216 
433798093 
435519512 
437245479 

27-4773 
27-4955 
27-5136 
27-5318 
27.5500 

705 

706 
707 
708 
709 

1. 4 1844 

1-41643 
1 41443 

'•41243 

1. 4 1 044 

497025 
498436 

499849 
501264 

502681 

350402625 
351895816 

353393243 

35489491 2 
356400829 

26.5518 
26.5707 

26'.6o83 
26.627 1 

760 

761 
762 

764 

131579 
1.31406 

1-31234 
1. 3 1062 

1.30890 

577600 
579121 

580644 
552169 

583696 

438976000 
4407II081 
442450728 
444194947 

445943744 

27.5681 
27.5862 
27.6043 
27.6225 
27.6405 

710 

7" 
712 

713 
714 

1.40845 
1.40647 
1.40449 
1.40252 
1.40056 

504100 

50552 » 
506944 
508369 

509796 

35791 1000 

359425431 
360944128 

362467097 
363994344 

26.6458 
26.6646 
26.6833 
26.7021 
26.7208 

765 

766 

767 
768 

769 

1.30719 
1-30548 
1-30378 
1.30208 

1.30039 

585225 

586756 
588289 

589824 
591361 

447697125 

449455096 
451217663 
452984832 
454756609 

27.6586 
27.6767 
27.6948 
27.7128 
27-7308 

715 

716 

717 
718 

719 

1.39860 
1.39665 
1.39470 
1.39276 
1.39082 

511225 
5(2656 
514089 

516961 

367061696 
368601813 
370146232 

371694959 

26.7395 
26.7582 

26.7769 

26.7955 

26.8142 

770 

;  771 

,  772 

;  773 
774 

1.29870 
1.29702 

1.29534 
1.29366 
1.29199 

592900 

594441 

595984 

597529 
599076 

456533000 
4583140U 
460099648 
461889917 
463684824 

27.7489 
27.7669 
27.7849 
27.8029 
27.8209 

720 

721 
722 

723 
724 

1.38889 

1.38696 
1.38504 

I -3831 3 
1.38122 

518400 

519841 
521284 

522729 

524176 

373248000 
374805361 
376367048 

377933067 
379503424 

26.8328 
26.8514 
26.8701 
26.8887 
26.9072 

775 

776 

777 
778 

779 

1^28866 
1.28700 

128535 
1.28370 

600625 
602176 
603729 
605284 
606841 

465484375 
467288576 

469097433 
470910952 

472729139 

27.8388 
27.8568 

27.8747 
27.8927 

27.9106 
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2  2  Table  9  {contimutd). 

VALUES  OP  RECIPROCALS,  SQUARES,  CUBES,  AND  SQUARE   ROOTS 

OP  NATURAL   NUMBERS. 


780 

781 
782 

784 

7S5 

786 

787 
788 

789 

790 

791 
792 

793 
794 

795 

796 
797 
798 
799 

800 

801 
802 
803 
804 

805 

806 
807 
808 
809 

810 

811 
812 

l'3 
814 

815 

816 
817 
818 
819 

820 

821 
822 
823 
824 

825 

826 
827 
828 
829 

830 

831 
832 

l^^ 
834 


1000. 


I 


28205 
28041 
27877 
27714 

27SS» 

27389 
27226 
27065 
26904 

26743 

26582 
26422 
26263 
26103 

25945 

25786 
25628 

25471 

25313 
25156 

25000 
24844 
24688 

24533 
24378 

24224 
24069 
23916 
23762 
23609 

23457 

23305 

23153 
23001 

22850 

22699 
22549 
22399 
22249 
22100 


608400 
609961 
611524 
6130K9 
614656 

61622^ 
617798 
619369 
620944 
622521 

624100 
625681 
627264 
628849 
630436 

63202 q 
633616 
635209 
636804 
638401 

640000 
641601 
643204 
644809 
646416 

64802s 
649636 
651249 
652864 
654481 

656100 
657721 

659344 


662596 


664225 

665856 

667489 
669124 
670761 


21951  672400 

21803  674041 

21655  675684 

21507  677329 

21359  678976 


21212 
21065 
20919 

20773 
20627 

20482 

20337 
20192 
20048 
19904 


68062J 
682276 
683929 
685584 
687241 

688900 
690561 
692224 
693889 
695556 


474552000 

476379541 
478211768 

480048687 

481890304 


V« 


27.9285 
27.9464 
27.9643 
27.9S21 
28.0000 


493039000 
49491367 1 
496793088 

498677257 
500566184 

502459875 

504358336 
506261573 
508169592 
510082399 

512000000 
513922401 
515849608 
517781627 
519718464 

52166012J 
523606610 

525557943 
527514112 

529475129 
531441000 

5334  "7  31 
535387328 

537367797 
539353144 

541343375 
543338496 

545338513 
547343432 
549353259 

551368000 
553387661 
555412248 

557441767 
559476224 

561515625 

563559970 
565609283 
567663552 
569722789 

571787000 
573856191 

575930368 
578009537 
580093704 


28.1069 
28.1247 
28.1425 
28.1603 
28.1780 

28.1957 
28.2135 
28.2312 
28.2489 
28.2666 

28.2843 
28.3019 
28.3196 

28.3373 
28.3549 

28.3725 
28.3901 
28.4077 
28.4253 
28.4429 

28.4605 
28.4781 
28.4956 
28.5132 
28.5307 

28.5482 
28.5657 
28.5832 
28.6007 
28.6182 

28.6356 
28.6531 
28.6705 
28.688Q 
28.7054 

28.7228 
28.7402 
28.7576 
28.7750 
2S.7924 

28.8097 
28.8271 
28.8444 
28.8617 
28.8791 


835 

836 

837 
838 

839 

840 

841 
842 

843 
844 

845 

846 

847 
848 

849 
850 

?53 
854 

855 

856 

857 
858 

859 

860 

861 
862 
863 
864 


866 
867 
868 
869 

870 

871 
872 

874 

875 

876 

877 
878 

879 

880 

881 
882 
883 
884 

885 

886 
887 
888 
889 


1000.J 


9760 
9617 

9474 
9332 
9190 

Q048 
8906 

8765 
8624 

8483 

8343 
8203 

8064 
792 

778 

7647 
7509 

7233 
7096 

6059 
6822 
6686 
6550 
6414 

6279 

6144 
6009 

5875 
574» 

5607 

5473 
5340 

5207 

5075 

4943 
4811 

4679 

4548 
4416 

4286 

4155 
4025 

3895 
3766 

3636 
3507 
3379 
3250 
3122 

28^ 
2740 
2613 
2486 


697225 
698896 
00569 
02244 
03921 


«> 


582182875 
584277056 
586376253 
588480472 
590589719 


05600  I  592704000 
07281  I  594823321 
08964  596947688 
10649 
12336 


14025 
15716 
17409 
19104 
20801 

22500 
24201 

25904 
27609 
29316 

31025 
32736 

34449 
36164 

37881 

39600 
41321 

43044 
44769 
46496 

48225 

49956 
51689 

53424 
55161 

58641 
60384 
62129 
63876 

65625 

67376 
69129 
70884 
72641 

74400 
76161 

77924 
79689 
81456 

83225 
84996 
86769 

88544 
90321 


599077107 
601211584 

60335"  25 

605495736 
607645423 

609800192 

611960049 

614125000 
616295051 
618470208 
620650477 
622835864 

625026375 
627222016 
629422793 
63 1 6287 1 2 

633839779 

636056000 
638277381 
640503928 

642735647 
644972544 

647214625 
649461890 

651714363 

65397 2b32 
656234909 

103000 
J776JII 
663054848 
665338617 
667627624 

669921875 
672221376 
674526133 
676836152 

6791 51439 

681472000 

683797841 
686128968 

688465387 

690807104 

6931 5412 

69550645 
697864103 

700227072 

702595369 


v« 


28.8964 
28.9137 

28.9310 
28.9482 

28.9655 
28.98  28 

29.0000 
29.0172 

29.0345 
29.0517 

29.0689 
29.0861 
29.1033 
29.1204 

29.1376 

29.1548 
29.1719 
29.1890 
29.2062 

29.2233 

29.2404 

29.2575 

29.2746 
29.2916 

29.3087 
29.3258 

29.3428 

29.3598 
29.3769 

29-3939 

29.4109 
29.4279 
29.4449 
29.4618 
29.4788 

29.4958 
295127 
29.5296 
29.5466 

29-5635 

29.5804 

295973 
29.6142 

29.6311 

29.6479 

29.6648 
29.6816 
29.6985 

29-7153 
29.7321 

29.7489 
29.7658 
29.7825 

297993 
29.8161 
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TABLE  9  {c0Ktimud).  23 

VALUES  OF  RECIPROCALS,  SQUARES,  CUBES,  AND  SQUARE   ROOTS 

OP  NATURAL   NUMBERS. 


890 

891 
892 

893 
894 

895 

897 
898 

899 

900 

901 

902 

903 

904 

905 

906 

908 
909 

910 

9" 
912 

913 
914 

915 

916 
917 
918 
919 

920 

921 
922 

923 
924 

925 

926 
927 
928 
929 

930 

931 
932 
933 
934 

935 

936 
937 
938 
939 

940 

941 
942 

943 
944 


looal 


2360 
2233 
2108 
1982 
1857 

1732 
1607 

1483 
»359 
"35 

nil 

0988 
0865 
0742 
0619 

0497 

0375 
0254 

0132 

OOIX 


.09890 

.09769 
.09649 
.09529 
.09409 


792100 

793881 

795664 

797449 
799236 

801025 
802816 
804609 
806404 
808201 

810000 
81 1801 
813604 
815409 
817216 

8x9025 
820836 
822649 
824464 
826281 

828100 
829921 

831744 
833569 
835396 

837225 
839056 
840889 
842724 


14  844561 


.08696 

.08578 
.08460 
.08342 
.08225 

.08108 
X)799i 
.07875 

•07759 
•07643 

•07527 
x)74i  I 

.07206 

.07101 

.07066 

38 
.06724 
.06610 
.06496 

.06383 
.06270 
.06157 
.06045 

•05932 


846400 
848241 
850084 
851929 
853776 

855625 

857476 

559329 
861 184 

863041 

864900 
866761 

868624 
870489 
872356 

874225 
876096 

877<  ^ 


879844 
88172X 

883600 
885481 

887364 
889249 
891x36 


04969000 

07347971 
09732288 

12121957 

14516984 

16917375 
19323*36 

21734273 
24150792 

26572699 

29000000 

3^432701 
3387080S 

36314327 
38763264 

41217625 
43677416 
46142643 
4861 33 1 2 
51089429 

53571000 
56058031 
58550528 
61048497 

63551944 

66060875 

68575296 
71095213 
73620632 

70151559 

78688000 
81 229961 

83777448 
86330467 
88889024 

9M53»2S 
94022776 

96597983 
99178752 

861765089 

804357000 

806954491 
809557568 

812166237 

814780504 

817400375 
820025856 
822656953 
825293672 
827936019 

830584000 
833237621 
835896888 
838561807 
841232384 


v« 


29.8329 
29.8496 
29.8664 

29.8831 

29.899S 

29.9166 

29-9333 
29.9500 

29.9666 
299833 

30.0000 
30.0167 

300333 
30.0500 

3ao666 

30.0832 
30.0998 
30.1164 

30.1496 

30.1662 

30.1828 

30- '993 
3a2i59 

30.2324 

30.2490 
30.2655 
30.2820 
30.2985 

30.3  <  50 

30.3315 
30,3480 

30.3645 
30.3809 
30.3974 

30.4138 
30.4302 
30.4467 
30-4631 
30-4795 

30.4959 
30.5123 
30.5287 
30.5450 
30.5614 

30.5778 

30.5941 
30.6105 

30.6268 

30.6431 

306594 

30.6757 
30.6920 

30.7083 

30.7246 


945 

946 

947 
948 

949 

950 

951 
952 

953 
954 

955 

956 

957 
958 

959 

960 

961 
962 

964 


966 
967 

969 

970 

97" 
972 

973 
974 

975 

977 
978 
979 

980 

981 
982 

9!3 
984 


986 

987 
988 
989 

990 

991 
992 

993 
994 

995 

996 
997 
998 
999 


1000.^ 


/f« 


V« 


.00503 
.00402 
.00301 
.00200 
.00100 


.05820 
.05708 

•05597 
.05485 

•05374 

•05263 
•05152 
.05042 
.04932 
.04822 

.04712 
.04603 

•04493 
.04384 

•04275 

.04167 
.04058 

.03950 
.03842 

•03734 

.03627 
.03520 

•03413 
.03306 

.03«99 

•03093 
.02987 

.02881 

•02775 
.02669 

.02564 

•02459 
•02354 

.02249 

.02145 

.02041 

•01937 
•01833 

.01729 

.01626 

•01 523 
.01420 
.01317 
.01215 
.01112 

.01010 
.0090S 
.00806 
.00705 
.00604  988036 


89302 

89491 

896809 

898704 

900601 

902500 
904401 
906304 
908209 
910110 

912025 

913936 
915849 

917764 

919681 

921600 
923521 

925444 

927369 
929296 

931225 
933150 

935089 
937024 

938961 

940900 
942841 
944784 
946729 
948676 

950625 

952570 

954529 
956484 

958441 

960400 
962361 

964324 
966289 

968256 

970225 
972196 
974169 
976144 
978121 

980100 
982081 
9S4064 
986049 


990025 
992016 
994009 
996004 
998001 


843908625 
846590536 
849278123 

85 197 1392 
854670349 

857375000 
860085351 
862801408 
865523177 
868250664 

870983875 
873722816 

876467493 
879217912 

881974079 

884736000 
887503681 
890277128 

893056347 
895841344 

898632125 
901428696 
904231063  I 

907039232 
909853209 

912673000 
915490611 
918330048 
921167317 
924010424 

926859375 
9297 I 41 76 

932574833 
935441352 
938313739 

9411 92000 
944076141 
946066168 
949862087 

952763904 

955671625 

958585256 
961504803 
964430272 
967361669 

• 

970299000 
973242271 
976191488 
979146657 
982107784 

985074875 
988047936 
991026973 
99401 1992 
997002999 


30-7409 
30.7571 
307734 
30.7896 
30.8058 

30.8221 

30-8383 

30.8545 
30.8707 

30.8869 

30.9031 
30.9192 

30.9354 
30.9516 

30^9677 
30^9839 


3 
3 
3 
3 

3 
3 
3 
3 


3 
3 
3 
3 


.0000 
.0161 
.0322 

•0483 

.0644 
.0805 
.0966 
.1127 
.1288 

.1448 
.1609 
.1769 
.1929 
.2090 

.2250 

.2410 

•2570 

.2730 
.2890 

.3050 
•3209 
•3369 

■M 

•3847 
.4006 

.4166 

•4325 
•4484 

.464^ 
.4802 

•4960 
.511 

•527 

•5436 
•5595 
•5753 

-59" 
.6070 
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Table  10. 
LOGARITHMS, 


N. 


100 

lOI 
X02 
103 
104 

105 

106 
107 
108 
109 

110 

III 
112 

114 

115 

116 
117 
118 
119 

120 

121 
122 
123 
124 

125 

126 
127 
128 
129 

130 

132 

133 

134 

135 

136 
137 
138 
139 

140 

141 
142 

M3 
^144 

145 

146 

>47 
148 

149 


0000 
0043 
0086 
0128 
0170 

0212 

0253 
0294 

0334 
0374 

0414 

0453 
0492 

0531 
0569 

0607 
0645 
0682 
0719 

0755 

0792 
0828 
0864 
0899 

0934 


0969 

004 
038 
072 
fo6 

139 

173 
206 

239 
271 

303 
335 
367 
399 
430 

461 
492 

523 

5 

614 
644 

673 
703 
732 


ocx>4 
0048 
0090 

0133 
0175 

0216 

0257 
0298 

0338 
0378 


0009 
0052 
0095 

0137 
0179 

0220 
0261 
0302 
0342 
0382 


0418  I  0422 
0457  i  0461 
0496  I  0500 

0535  0538 
0573  0577 


061 1 
0648 
0686 
0722 

0759 

0795 
0831 

0867 

090^ 

0938 

0973 
1007 

.1041 

1075 
1 109 

"43 
1 176 

1209 

1242 

1274 

1307 

'339 
1370 
T402 

1433 

1464 

1495 
1526 

'556 
1587 

1617 
1647 
1676 
1706 

1735 


0615 
0652 
0689 
0726 

0763 

0799 

0835 
0871 

0906 

0941 


0976 
on 

045 
079 

"3 

146 
179 
212 

278 

310 
342 

374 
405 
436 

467 

498 
C29 

559 
590 

620 
649 
679 
708 

738 


0013 
0056 
0099 
0141 
0183 

0224 
0265 
0306 
0346 
0386 

0426 
0465 
0504 
0542 
0580 

0618 
0656 

0693 
0730 

0766 

0803 
0839 
0874 
0910 

0945 


0980 
014 
048 
082 
116 

149 

216 
248 
2S1 

3'3 

345 

377 
408 

440 

471 

501 

532 
56a 

593 

623 
652 
682 
711 

741 


0017 
0060 
0103 
0145 
0187 

0228. 

0269 

0310 

0350 
0390 


0622 
0660 
0697 

0734 
0770 

0806 
0842 
0878 

0913 
0948 


0983 
017 

052 

086 

119 

J53 

219 
252 
284 

348 
380 
411 

443 

474 

504 
535 

^^ 
596 

626 

714 
744 


0022 
0065 
0107 
0149 
0191 

0233 
0273 

0314 
0354 
0394 

0434 

0473 
0512 


0626 
0663 
0700 

0737 
0774 

0810 
0846 
0881 
0917 
0952 

0986 
021 

089 
123 

189 
222 


319 

3^3 
41/* 
446 


0026 
0069 

OIII 

0154 
0195 

0237 
0278 

0318 

0358 

0398 

0438 
0477 
0515 

0554 
0592 

0630 
0667 

0704 
0741 
0777 

0813 
0849 
0885 

0920 

0955 


0990 

024 

059 

092 
126 

159 
193 

258 

290 

323 

3 

3 
418 

449 

480 

5'» 

541 

572 
602 

632 
661 
691 

720 

749 


0030 

0073 
0116 
0158 
0199 

0241 
0282 
0322 
•0362 
0402 

0441 
0481 
0519 

""^^ 
0596 

0633 
0671 

0708 

0745 
0781 

0817 
0853 
0888 
0924 

0959 


0993 
028 

062 

096 

129 


229 
261 
294 

326 

Ik 
4^1 

452 

483 
514 

544 

575 
605 

694 

723 
752 


8 


a>3S 
0077 

0120 

0162 

0204 

024 

028 

0326 

0366 

0406 

0445 
0484 

0523 
0561 

0599 

0637 
0674 
0711 
0748 
0785 

0821 
0856 
0892 
0927 
0962 


0997 
031 

065 

099 

»33 

166 
199 
232 
265 
297 

329 
361 

392 
424 

455 

486 
517 

608 

638 
667 
697 
726 

755 


0039 
0082 
0124 
0166 
0208 

0249 
0290 
0330 
0370 
0410 

0449 
0488 
0527 
0565 
0603 

0641 
0678 
0715 

07"J2 

0788 

0824 

0860 
0896 


000 

035 

069 

»36 

169 
202 

300 

332 
304 
396 
427 
458 

489 
520 

i\ 

641 
670 
700 
729 

758 


10 


004 

oo8< 
0128 
0x70 
0212 

0253 
0294 

0334 

0374 
0414 

0453 
0492 

0531 
0569 

0607 

0645 
0682 
0719 

0755 
0792 

0828 
0S64 
0899 

0934 
0969 

1004 
1038 
1072 
1106 

"39 

"73 
1206 

1239 
1271 

^303 

1335 
1367 
1399 
1430 
1 461 

1492 

1523 
1553 
1584 
161 4 

1644 
1673 
1703 
1732 
1761 
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N. 


150 

152 
153 

155 

156 

158 
159 

160 

161 
162 
163 
164 

165 

166 
167 
168 
169 

170 

171 
172 

173 
174 

175 

176 

179 

180 

181 
182 

'\^ 
184 

185 

186 
187 
188 
189 

190 

191 
192 

»93 
194 

195 

196 

^% 
198 

199 


1761 
1790 
1818 
1847 
187s 

1903 
'93' 
1959 
1987 
2014 

2041 
2068 
2095 
2122 
2148 

2175 
2201 
2227 

2253 
2279 

2304 

2330 

2355 
2380 

2405 

2430 

2455 
2480 

2504 

2529 

2553 
2577 
2601 

2625 
2648 

2672 
2695 
2718 
2742 
2765 

2788 
2810 
2833 

28^8 

2878 

2900 

2923 
2945 

2967 

2989 


1764 
1793 

182 1 
1850 
1878 

1906 

1934 

1962 

1989 

2017 

2044 
2071 

2098 

2125 

2151 
2177 

2204 
2230 
2256 

2281 

2307 

233 

23 

2383 

2408 

2433 
2458 

2482 

2507 

253» 

2555 

2579 
2603 

2627 

2651 

2674 
2697 

2721 

2744 
2767 

2790 
2813 

2858 
2880 

2903 
2925 

2947 
2969 

2991 


1767  1770 
1796  !  1798 


1824 

111? 

1909 

»937 
1965 
1992 
2019 

2047 

2074 
2101 
2127 

2154 

2180 
2206 
2232 
22^8 
2284 

2310 

2335 
2360 

2385 
2410 

2435 
2460 

2485 

2509 

2533 

2558 
2582 
2005 
2629 

2653 

2676 
2700 
2723 
2746 
2769 

2792 
2815 
2838 
2860 
2882 

2905 
2927 

2949 
2971 

2993 


1827 

11^^ 

1912 
1940 
1967 

1995 
2022 

2049 
2076 
2103 

2130 
2156 

2183 
2209 

2235 
2261 

2287 

2312 
2333 

2413 

2438 

2463 
2487 
2512 

2536 

2560 
2584 
2608 
2632 
2655 

2679 
2702 
2725 

2749 

2772 

2794 
2817 
2840 
2862 
2885 

2907 
2929 
2951 

2973 
2995 


1772 
1801 
1830 

i87 


1915 
1942 
1970 

1998 
2025 

2052 
2079 
2106 

2133 
2159 

2x85 
2212 
2238 
2263 
2289 

2315 
2340 

2365 
2390 

2415 

2440 
2465 
2490 

25U 
2538 

2562 
2586 
2610 
2634 
2658 

2681 
2704 
2728 
2751 

2774 

2797 
2819 

2842 

2865 

2887 

2909 

2931 
2953 
2975 
2997 


1775 
1804 

I86I 
1889 

I9I7 

'945 

1973 
2000 

2028 
2055 


2082 


2188 
2214 
2240 
2266 
2292 

2317 
2343 
2368 

2393 
2418 

2443 
2467 

2492 

2516 

2541 

2565 
2589 
2613 
2616 

2( 


JO30 

!66o 


2683 
2707 
2730 

2753 
2776 

2799 
2822 
2844 
2867 
2889 

291 1 

2934 
2956 
2978 
2999 


1778 
1807 
1836 
1864 
1892 

1920 
1948 
1976 
2003 
2030 


20S7 

2084 

2109  I  2III 

2135 
2162 


2138 
2164 

219I 
2217 

2243 
2269 

2294 

2320 

2345 
2370 

2395 
2420 

2445 
2470 

2494 

2519 

2543 

2567 

2591 
2615 

2639 

2662 

2686 
2709 
2732 

2755 
2778 

2801 
2824 
2847 
2869 
2891 

2914 
2936 
29^8 
2980 
3002 


1781 
1810 
1838 
1867 
1895 

1923 
1951 
1978 
2006 

2033 

2060 
2087 
2114 
2140 
2167 

2193 
2219 

2245 

2271 
2297 

2322 

2348 

2373 

2398 
2423 

2448 

2472 
2497 

2521 

2545 

2570 
2594 

2617 
2641 

2665 
2688 

27 1 1 

2735 
2758 

2781 

2804 
2826 
2849 
2871 
2894 

2916 

2938 

2960 
2982 

3004 


8 


1784 
1813 
1841 
1870 
1898 

1926 

1953 
1981 

2009 

2036 

2063  ' 

2090 

2117 

2143 
2170 

2196 
2222 
2248 
2274 
2299 

2325 

2350 

2375 
2400 

2425 

2450 

2475 
2499 

2524 

2548 

2572 
2596 
2620 
2643 
2667 

2690 
2714 

2737 
2760 

2783 

2806 
2828 
2851 

2874 
2896 

2918 
2940 
2962 
2984 
3006 


1787 
1816 

1844 

1872 

1901 

1928 
1956 
1984 
201 1 
2038 

2066 
2092 
2119 
2140 
2172 

2198 
2225 
2251 
2276 
2302 

2327 

2353 
2378 
2403 
2428 

2453 
2477 

2502 

2526 

2550 

2574 
2598 
2622 

2646 
2669 

2693 
2716 

2739 
2762 

2785 

2808 
2831 

4 

287 
2898 

2920 
2942 
2964 
2986 
3008 


10 


1790 
1818 

1847 
1875 
1903 

1931 

1959 
1987 

2014 

2041 

2068 

2095 
2122 

2148 
2175 

2201 
2227 

2253 
2279 

2304. 

2330 

2355 
2380 

2405 
2430 

2455 
2480 

2504 
2529 
2553 


^577 

SOOI 


21 

2( 

2625 

2648 

2672 


2695 
2718 
2742 
J  2765 
2788 

2810 
2833 
2856 
2878 
2900 

2923 
2945 
2967 

2989 
3010 
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Table  11. 
LOGARITHMS. 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

PF     ll 

1 

4 
4 
3 
3 
3 

2 

8 
8 

I 

6 

3 

12 
II 
10 
10 

9 

4 

17 
»5 

14 

13 

12 

5 

21 

19 

17 
16 

15 

10 

II 

12 

13 
14 

0000 
0414 
0792 

"39 
1 461 

0043 

Si 

1492 

0086 
0492 
0864 
1206 

1523 

0128 

0531 
0899 
1239 
»S53 

0170 
0569 

0934 

1271 

1584 

0212 
0607 
0969 

»303 
1614 

0253 
0645 
1004 

1335 
1644 

0204 
0682 
1038 

1367 
1673 

0334 
0719 

1072 

1399 
1703 

0374 

075s 
1 106 

1430 
1732 

15 

16 

\l 

'9 

1 761 
2041 
2304 

1790 
2068 

2330 
2577 
2810 

1818 
209s 

2355 
2601 

2833 

1847 
2122 

2380 
2625 
2856 

1875 

2i4r 
2405 
2648 
2878 

1903 

2175 
2430 
2672 
2900 

1931 
2201 

2455 
2695 

2923 

1959 
2227 

2480 

2718 

2945 

1987 

2253 
2504 

2967 

2014 
2279 

2529 
2765 

2989 

3 

3 

2 

2 
2 

6 

5 
5 

5 
4 

8 
8 

7 
7 
7 

II 
II 
10 

9 
9 

14 

13 
12 

12 

II 

20 

21 
22 

23 
24 

3010 
3222 

3424 

3617 
3802 

3032 
3243 

3636 
3820 

3054 
3263 
3464 

3075 
3284 
3483 
3674 
3856 

3096 

3304 
3502 
3692 

3874 

3"8 

3324 
3522 

37" 
3892 

3139 
3345 
354< 
3729 
3909 

3160 

3365 
3560 

3747 
3927 

3181 

3385 

3579 
3766 

3945 

3201 
3404 
3598 

3784 
3962 

2 
2 
2 
2 
2 

4 
4 
4 
4 
4 

6 
6 
6 

5 
5 

8 
8 
8 

7 
7 

II 
10 
10 

9 
9 

25 

26 

% 

29 

3979 
4150 

4314 
4472 
4624 

4166 

4330 
4487 
4639 

4014 
4183 
4348 
4502 
4654 

4031 
4200 
4362 
4518 
466Q 

4048 

4216 

4378 

4533 
4683 

4065 
4232 
43^ 

4082 

4249 
4409 

4564 
4713 

4099 
4265 

4425 

4579 
4728 

4116 
4281 
4440 

4594 
4742 

4133 
4298 

4456 
4609 

4757 

2 
2 
2 
2 
I 

3 
3 
3 
3 
3 

5 
5 
5 
5 
4 

7 

I 

6 
6 

I 

8 
8 

7 

30 

31 
32 
33 
34 

4771 
4914 

5185 
5315 

4786 
4928 
506q 

5198 
5328 

4800 

4942 
•5079 
52 II 
5340 

4814 

4955 
5092 

5224 
5353 

4829 

4969 
5105 

4843 

4983 
SI19 

5250 
5378 

4857 
4997 
5»32 
5263 
5391 

4871 
501 1 

5145 
5276 

5403 

4886 
5024 

5159 
5289 
5416 

4900 

5038 
5172 

5302 
5428 

3 
3 
3 
3 
3 

4 
4 
4 
4 
4 

6 
6 

7 
7 

6 

35 

36 

37 
38 
39 

5441 

5682 

5798 
591 1 

5453 

5694 
5809 
5922 

5465 
5587 
5705 
5821 

5933 

5478 
5599 

5832 
5944 

5490 
561 1 

5729 
5843 
5955 

5502 
5623 
5740 

pi 

5SM 
5035 

5977 

5527 
5647 
5763 

Si 

5999 

5^? 
5786 

0010 

2 
2 
2 
2 
2 

4 
4 
3 
3 
3 

6 
6 
6 
6 
6 

40 

41 
42 

43 
44 

6021 
6128 
6232 

6335 
6435 

6031 
6138 

6243 

6345 
6444 

6042 
6149 
6253 
6355 
6454 

6263 
6464 

6064 
6170 
6274 

6375 
6474 

6284 

^385 
6484 

6085 
6191 
6294 

6395 
6493 

6096 
6201 
6304 
6405 
6503 

6107 
6212 

6314 
6415 

6513 

6117 
6222 

6325 
6425 
6522 

J 

2 
2 
2 
2 
2 

3 
3 
3 
3 

3 

45 

46 

49 

6721 
6812 
6902 

§5; 
If? 

6911 

6920 

6561 
6656 

6749 
6928 

6937 

6580 

6767 
6946 

^6^ 

6776 

6866 
6955 

6Q64 

6609 
6702 

6972 

6618 
6712 
6803 

2 
2 
2 
2 
2 

3 

3 

3 
3 

50 

51 

52 

53 
54 

6990 
7076 

7160 

7243 
7324 

6908 

7251 
7332 

7007 

7093 
7177 
7259 
7340 

7016 
7101 
718s 
7267 
7348 

7024 
7110 

7193 
7275 
7356 

7033 
7118 
7202 
7284 
7364 

7042 
7126 
7210 
7292 
7372 

7050 

7^3S 
7218 

7300 

7380 

7059 

7143 
7226 

73^8 
7388 

7067 
7152 

7235 
7396 

2 
2 
2 
2 
2 

3 

3 

2 

2 
2 

3 
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w 

0 

1 

0 

3 

4 

5    6 

« 

7 

8 

9 

p.p.       I 

55 

V 

A 

M 

«9 

V 

# 

1 

2 

2 

3 

2 

4 
3 

5 

4 

7404 

7412 

7419 

7427 

7435 

7443  745^ 

7459 

7466 

7474 

56 

7482 

7490 

7497 

7505 

7513 

7520  7528 

7597  7004 
7672  7679 

7536 

7543 

755' 
7627 

2 

2 

3 

4 

57 

7559 

7566 

7574 
7649 

7582 
7057 

7589 

7612 

7619 

2 

2 

3 

4 

58 

7634 

7642 

7664 

7686 

7694 

7701 

2 

3 

4 

59 

7709 

7716 

7723 

7731 

7738 

7745  7752 

7760 

77^ 

7774 

2 

3 

4 

60 

7782 

7789 

7796 

7803 

7810 

7818  7825 
7889  7896 

7832 

7839 

7846 

2 

3 

4 

61 

7853 

7860 

7868 

7875 

7882 

7903 

7910 

7917 

2 

3 

4 

62 

7924 

7931 

7938 

7945 

7952 

7959  7966 
8028  8035 

7973 

Z9^2 

7987 

2 

3 

3 

63 

7993 

8000 

8007 

8014 

8021 

8041 

8048 

8055 

2 

3 

3 

64 

8069 

8075 

8082 

8089 

8096  8102 

8109 

8116 

8122 

2 

3 

3 

65 

8129 

8136 

8142 

8149 

8156 

8162  8169 

8176 

8182 

8189 

2 

3 

3 

66 

8195 

8202 

8209 

82.15 

8222 

8228  8235 

8241 

8248 

8254 

2 

3 

3 

^l 

8261 

8267 

8274 

8280 

8287 

8293  8299 

8306 

8312 

8319 

2 

3 

3 

68 

IPI 

8331 

8338 

8344 

8351 

8357  8363 

8370 

8376 

8382 

2 

3 

3 

69 

8395 

8401 

8407 

8414 

8420  8426 

8432 

8439 

8445 

2 

3 

3 

70 

8451 

8457 

8463 

8470 

8476 

8482  8488 

8494 

8500 

8506 

2 

2 

3 

71 

8513 

8519 

8525 

8531 

8537 

ll^lll^ 

8555 

8561 

Ig 

2 

2 

3 

72 

'Si 

?|79 

ig| 

^^! 

in; 

861  s 

8621 

2 

2 

3 

73 

8663  8669 

8675 

8681 

8686 

2 

2 

3 

74 

8692 

8704 

8710 

8716 

8722  8727 

8733 

8739 

8745 

2 

2 

3 

75 

8751 

8756 

8762 

8768 

8774 

8779  8785 

8791 

8797 

8802 

•I 

2 

2 

3. 

76 

8808 

8814 

8820 

8825 

8887 

8837  8842 

8848 

8854 

8859 

2 

2 

3 

77 

8865 

8871 

8876 

8882 

8893  8899 

8904 

8910 

8915 

2 

2 

3 

78 

8921 

8927 

Sr 

8938 

8943 
8998 

8949  8954 

8960 

8965 

8971 

2 

2 

3 

79 

8976 

8982 

8993 

9004  9009 

9015 

9020 

9025 

•I 

2 

3 

3 

80 

9031 
9085 

9138 

9036 

9042 

9047 

9053 
9106 

9058  9063 

9069 

9074 

9079 

2 

2 

3 

81 

9090 

9096 

9101 

91 12  91 17 

9122 

9128 

V^U 

2 

2 

3 

83 

9U3 
9196 

9149 

9154 

9159 

9165  9170 

9175 

9180 

2 

2 

3 

§3 

9I9I 

9201 

9206 

9212 

9217  9222 

9227 

9232 

9238 
9289 

\ 

2 

2 

3 

84 

9243 

9248 

9253 

9258 

9263 

9269  9274 

9279 

9284 

2 

2 

3 

85 

9294 

9299 

9304 

9309 

9315 

9320  9325 

9330 
9380 

9335 
9385 

9340 

2 

2 

3 

86. 

9345 

9350 

9355 

9360 

9365 

9370  9375 

9390 

2 

2 

3 

!z 

9395 

9400 

9405 

9410 

9415 

9420  9425 

9430 

9435 
9484 

9440 

0 

2 

2 

88 

9445 

9450 

9455 

9460 

9465 

9469  9474 

9479 

9^^ 

0 

2 

2 

89 

9494 

9499 

9504 

9509 

9513 

9518  9523 

9528 

9533 

0 

2 

2 

90 

91 

9542 
9590 

9547 
9595 
9543 

9552 
9000 

9557 
9605 

9562 
9609 

9566  9571 
9614  9619 

9576 
9624 

% 

9586 

0 
0 

2 
2 

2 
2 

92 

9^ 

9647 

9652 

9657 

9661  9666 

9671 

9675 

0 

2 

2 

93 

9689 

9694 

9699 

9703 

9708  9713 

9717 

97?2 

9727 

0 

2 

2 

94 

9731 

9736 

9741 

9745 

9750 

9754  9759 

9763 

9768 

9773 

0 

2 

2 

95 

9777 

9782 

9786 

9791 

9795 

9800  9805 

9809 

9814 

9818 

0 

I , 

2 

2 

96 
97 

S 

9827 
9872 

9832 
9877 

9836 
9881 

9841 
9886 

984s  9850 
9890  9894 

9854 
9899 

9859 
9903 

9863 
9908 

0 
0 

2 

2 

2 
2 

98 

9912 

9917 

9921 

9926 

9930 

9934  9939 

9943 

9948 

9952 

0 

2 

2 

99 

9956 

9961 

9965 

9969 

9974 

9978  9983 

9987 

9991 

9996 

0 

2! 

2 
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Table  12. 
ANTILOQARITHMS. 


00 

01 
02 

03 
04 

05 

o6 
07 
o8 
09 

10 

II 
12 

13 
14 

J.5 

16 

17 
18 

19 

20 

21 
22 

23 
24 

25 

26 

27 
28 

29 

30 

3» 
32 
33 
34 

35 

36 

38 
39 

40 

41 
42 

43 
44 

45 

46 

47 
48 

49 


000 

023 

047 

072 
096 

122 
148 

202 

230 

2 

318 

349 
380 

413 
445 
479 
514 
549 


If 


5 
22 

660 

698 

738 


778 
820 
862 
905 

950 


1995 
2042 

2089 

2118 

2] 


!i38 
1188 


2239 
2291 

2344 
2399 
2455 

2512. 
2570 
2630 
2692 

'2754 

28x8 
2884 
2951 
3020 
3090 


8 


1002 

1026 

1050. 

1074 

1099 

1125 

"Si 
1178 

1205 
1233 

1262 
1291 
1321 

;2 

1416 
1449 

1483 

1517 

1552 

1589 
1626 
1663 
1702 
1742 

1782 
1824 
1866 
1910 

1954 

2000 
2046 
2094 

2143 
2193 

2244 
2296 
2350 
2404 
2460 

2518 
2576 
2636 
2698 
2761 

2825 
2891 
2958 

3027 
3097 


rj 


001 

o: 
052 
076 
102 

127 

180 
208 
236 

265 
294 

324 
355 
387 


419 

452 
486 

556 

592 
629 

667 

706 

746 

786 
828 
871 
914 

959 


2004 
2051 
2099 
2148 
2198 

2249 
2301 

2355 
2410 

2466 

2523 
2582 

2642 

2704 

2767 

2831 
2897 
2965 

3034 
3105 


007 
030 
054 
079 
104 

130 

'83 
211 

239 

268 
297 

327 
358 
390 

422 

45.5 
489 

560 

596 

633 
671 
710 

750 

791 
832 

875 
919 

963 


2009 
2056 
2104 

2153 
2203 

2254 
2307 
2360 

2415 
2472 


'M 


2?-' 
2649 
2710 

2773 


2838 
2904 
2972 

3041 
3112 


009 

033 
057 

081 

107 

132 
159 

213 
242 

271 
300 

330 
361 

393 

426 

459 

493 

528 

563 

600 
637 
675 
714 
754 

795 

837 

879 

923 
968 


2014 
2061 
2100 
2158 
2208 

2259 
2312 
2366 
2421 
2477 

2535 
2594 

265s 
2716 

2780 

2844 
291 1 
2979 
3048 

3"9 


012 

035 
0Q9 

084 

109 

161 
189 
216 

245 

274 
303 
334 
365 
396 

429 
462 
496 

567 

603 
641 
675 
718 

758 

799 
841 
884 
928 
972 


20f8 

2065 
2113 
2163 
2213 

2265 

2317 
2371 
2427 
2483 

2541 
2600 

2661 

2723 
2786 

2851 
2917 
2985 

3055 
3126 


1014 
1038 
1062 
1086 
1112 

1138 
1104 
1 191 
1219 
1247 

1276 
1306 

1337 
1368 

1400 

V432 
1466 
1500 

1535 
1570 

1607 
1644 
1683 
1722 
1762 

1803 
1845 
1888 

1932 
1977 

2023 
2070 
2118 
2168 
2218 

2270 

2323 

2377 
2432 

2489 

2547 
2606 

2667 

2729 

2793 

2858 
2924 
2992 
3062 

3133 


1016 
1040 
1064 
1089 
1114 

1 140 
1167 
1 194 
1222 
1250 

1279 

1309 
1340 

137 1 
1403 

U35 
1469 

1503 
1538 
1574 

1611 
1648 
1687 
1726 
1766 

1807 
1849 
1892 

'93^ 
1982 

2028 

2075 
2123 

2173 
2223 

227c 
2328 
2382 
2438 

2495 

2553 
2612 

2673 

2735 
2799 

2864 

2931 
2999 

3069 
3141 


019 
042 
067 
091 

117 

169 
197 
225 

253 

282 
312 

343 
406 

439 
472 

507 
542 
578 

614 
652 
690 

730 
770 

811 

854 
897 
941 

986 


2032 
20S0 
2128 
2178 
2228 

2280 

2388 

2443 
2500 

2559 
2618 

2679 

2742 

2805 

2871 

2938 
3006 

3076 

3M8 


021 

045 
069 
094 
119 

146 
172 
199 
227 
256 

285 

346 

377 
409 

442 
476 
510 

581 

618 
656 
694 
734 
774 

816 
858 
901 

945 
991 


2037 
2084 

21^3 
2183 

2234 

2286 

2339 

2393 
2449 

2506 

2564 
2624 
26815 
2748 
2812 

2877 
2944 

3013 
3083 

3155 


P.P. 


o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
I 


2  3 


o 
o 
o 
o 
I 


41  5 


2 


2 
2 
2 
2 

2 

2 
2 

2 
2 
2 


2  I  2 


3 
3 

3 
3 


I 

2 
2 
2 

'2 

2 
2 
2  1 

2 

2 


I 
2 

2 

2 
2 

2 

2 
2 
2 
2 

2 
2 
2 
2   2 


2 

2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 


I 
2  1  3 

2  i  3 


2  !  3 

3 
3 


2 
2 
2 

3  3 


3 

3 

7 


3 

3 
3 
4 
4 
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50 

5^ 

52 

53 
54 

55 

56 
57 
58 
59 

60 

61 
62 

64 

65 

66 

67 
6S 

69 

70 

71 

n 
74 

75 

76 

77 
78 

79 

80 

81 
82 

84 

85 

86 

87 
88 

89 

90 

91 
92 

93 
94 

95 

96 

98 

99 


8 


P.P. 


3162 
3236 

3388 
3467 

3548 

3715 
3802 

3890 

3981 
4074 
4169 
4266 

4365 

4467 

4571 

4677 
4786 

4898 

5012 
5129 
5248 
5370 

5495 

5623 
5754 
5888 

6026 
6166 

6310 

6457 
6607 

6761 

6918 

7079 

7244 

7413 
7586 

7762 

7943 
8128 

8318 
8511 
8710 

8913 
9120 

9333 

9550 
9772 


3170 
3243 
3319 
3396 

3475 

3556 
3639 
3724 
381 1 

3899 

3990 
4083 

4178 
4276 

4375 

4477 
4581 

4688 

4797 
4909 

5023 
5140 
5260 

5383 
5508 

5902 

6039 
6180 

6324 
6471 
6622 
6776 

6934 

7096 
7261 

7430 
7603 
7780 

7962 
8147 
8337 
8531 
8730 

8933 
9141 

9354 
9572 

9795 


3177 
3251 
3327 
3404 
3483 

3648 

37^}3 
381Q 
3908 

3999 
4093 
4188 
4285 

4385 

4487 
4592 
4699 

4808 
4920 

5035 
5152 

5272 

5395 
5521 

5649 
5781 
5916 

6053 
6194 


3184 
3258 
3334 
3412 

3491 

3573 
3656 

3741 
3828 

3917 

4009 
4102 
4198 
4295 
4395 

4498 
4603 
4710 

4819 
4932 

5047 
5164 

5284 
5408 

5534 

5662 
5794 

5929 
6067 

6209 


6637 
6792 
6950 

7112 
7278 

7447 
7621 

7798 

7980 
8166 

8356 
8551 

8750 

8954 
9162 

9376 

9594 
9817 


7129 

7295 
7464 

7638 
7816 

7998 
8185 

8375 
8570 
8770 

8974 
9183 

P?g 
9840 


3192  3199 

3266  3273 

3342  3350 

3420  3428 

3499  3508 

3581  3589 

3064  -^1 


3750  375^ 

3837  3846 

3926  3936 

4018  4027 

4111  4121 

4207  4217 

4305  4315 

4406  4416 

4508  4519 

4613  4624 

4721  4732 

4831  4842 

4943  4955 

5058  5070 

5176  5188 

5297  5309 

5420  5433 

5546  5559 


567 


58^ 


5689 
5821 

5957 
6223  6237 

6368  6383 

6516  6531 

6668  6683 

6823  683 
6982 


^ 


7145  7161 

73"  7328 

7482  7499 

7656  7674 

7834  7852 

8017  8035 

8204  8222 

8395  8414 

8590  8610 

8790  8810 

8995  9016 

9204  9226 

9419  9441 

9638  9661 

9863  9886 


3206 
3281 

3357 
3436 
3516 

3597 
3681 

3767 

3855 

3945 

4036 

4130 
4227 

4325 
4426 

4529 
4034 

4742 

4853 
4966 

5082 
5200 

5321 

5445 

5572 

5702 

5834 
5970 
6109 
6252 

6397 
6546 

6699 

6855 

7015 

7178 

7345 
7516 

7691 
7870 

8054 
8241 

8433 
8630 

8831 

9036 
9247 
9462 

9683 
9908 


3214 
3289 
3365 
3443 
3524 

3606 

3690 
3776 
3864 
3954 

4046 
4140 
4236 

4335 
4430 

4539 
4645 


4977 


3221 
3296 

zvz 
345^ 
3532 

36M 

3698 
3784 

3873 

3963 

4055 

4150 
4246 

4345 
4446 

4656 

4764 

4875 
4989 


3228 

3304 
338H 

3459 
3540 

3622 

3707 

3793 
3882 

3972 

4064 

4159 
4256 

4355 
4457 

4560 
4667 

4775 
4887 
5000 


5105  5117 
5224  5236 
5346  5358 


535^ 
548: 


571 

584 

5984 
6124 

6266 

6412 
6561 
6714 
6871 

7031 

7194 
7362 

7534 
7709 

7889 

8072 
8260 

?^53 
8650 

8851 

9057 
9268 

9484 
9705 
9931 


5470 

5598  5610 

5728  5741 

5861  5875 

^998  6012 

6138  6152 

6281  6295 

6427  6442 

6577  6592 

6730  6745 

6887  6902 

7047  7063 

7211  7228 

7379  7396 

7551  7568 

7727  7745 

7907  7925 

8091  81 10 

8279  8299 

8472  8492 

8670  8690 

8872  8892 

9078  9099 

9290  93 1 1 

9506  9528 

9727  9750 

9954  9977 


I 

2 
2 
2 
2 

2 
2 
2 

z 
2 

2 

2 
2 
2 

2 

2 
2 

2 
2 
2 


I 

2 
2 
2 
2 

2 
2 
2 
2 
2 

2 

2 
2 

2 
2 

2 
2 
2 
2 
2 

2 
2 
2 

3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
5 


2 
2 
2 
2 
2 

2 

3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 

5 
5 
5 
5 

5 
5 
5 
5 
5 

6 
6 
6 
6 
6 

6 
6 

7 
7 
7 


3 
3 
3 
3 
3 

3 
3 
3 
4 
4 

4 

4 
4 
4 
4 

4 
4 
4 
4 

5 

5 
5 
5 
5 
5 

5 
5 

\ 


6 
6 
6 
6 
6 

7 
7 
7 
7 
7 

7 
8 

8 

8 

8 

8 
8 

9 
9 
9 


4 
4 
4 
4 
4 

4 
4 
4 
4 

5 

5 
5 

5 
5 
5 

5 

5 

I 


6 
6 
6 
6 
6 

7 
7 
7 
7 
7 

7 
8 

8 

8 

8 

8 
8 

9 
9 
9 

9 

9 
10 

10 

10 

10 
II 
II 
II 
II 
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Table  13. 
ANTILOQARITHMS. 


0 

1 

2 

• 

3 

4 

5 

1 
6 

1 

7 

8 

9 

10 

.900 

7943 

7945 

7947 

7949 

7951 
7969 

7952 

7954 

7956 

7958 

7960 

7962 

.901 

7962 

7963 

7965 

7967 

7971 

7973 

7974 

7976 

7978 

7980 

.902 

7980 

^982 

7984 

7985 

7987 

7989 

799' 

7993 

7995 

7997 

7998 

•903 

7998 

8000 

8002 

8004 

8006 

8008 

8009 

8011 

8013 

8015 

8017 

.904 

8oi;t 

8019 

8020 

8022 

8024 

8026  8028 

8030 

8032 

8033 

8035 

.905 

803s 

8037 

8039 

8041 

8043 

8045  1  8046 

8048 

8050 
8069 

8052 

8054 

.906 

8054 

8056 

8057 

8059 

8061 

8063  8065 

8067 

8070 

8072 

.907 

8072 

8074 

8076 

8078 

8080 

8082  8084 

8085 

8087 

8080 

8091 

.908 

8091 

8093 

8095 

8097 

8098  8100  1  8102 

8104 

8106 

8100 

81 10 

.909 

8110 

8111 

8113 

8115 

8117  8119  i  8121 

1 

8123 

8125 

8126 

8128 

.910 

8128 

8130 

8132 

8134 

8136  8138 

1 

1  8140 

8141 

8143 

8145 

8147 

.911 

8147 

8149  1  8151 
8168  i  8170 

8153 

8155 

8156 

8158 

8160 

8162 

8164 

8166 

.912 

8166 

8171 

8173 

8175 

8177 

8172 

8181 

8183 

8185 

•913 

8185 

8187  1  8188 

8190 

8192 

8194 

8196 

8198 

8200 

8202 

8204 

.914 

8204 

8205  1  8207 

8209 

821 1 

8213 

8215 

8217 

8219 

8221 

8222 

.915 

8222 

8224  8226 

8228 

8230 

8232 

8234 

8236 

8238 

8230 

8241 

.916 

8241 

8243  ,  8245  8247 

12^ 

8251 

8253 

8255 

8257 

8258 

8260 

.917 

8260 

8262 

8264  >  8266 

8270 

8272 

8274 

8276 

8278 

8279 

.918 

8279 

8281 

8283 

8285 

l^H 

8289 

8291 

8293 

829s 

!^97 

8299 

.919 

8299 

8300 

8302 

8304 

8306 

8308 

8310 

8312 

8314 

8316 

8318 

.920 

8318 

8320 

8321 

8323 

8325 

8327 

8329 

8331 

8333 

8335 

8337 

.921 

8337 

8339 

8341 

8343 

8344 

8346 

8348 

8350 

8352 

8354 

8356 

.922 ' 

8356 

8358 

8360 

8362 

8364 

8366 

8368 

!370 

8371 

8373 

8375 

•923 

8375 

8377 

8379 

8381 

8383 

8385 

!^Z 

?38§ 

8391 

8393 

8395 

.924 

8395 

8397 

8398 

8400 

8402 

8404 

8406 

840B 

8410 

8412 

8414 

.925 

8414 

8416 

8418 

8420 

8422 

8424 

8426 

8428 

8429 

8431 

8433 

.926 

8433 

8435 

8437 

8439 

8441 

8443 

8445 

8447 

8449 
8468 

8451 

8453 

.927 

8453 

8455 

!^57 

5^59 

8461 

5^53 

8464 

8466 

8470 

8472 

.928 

8472 

8474 

8476 

8478 

8480 

8482 

8484 

8486 

8488 

8490 

8492 

.929 

8492 

8494 

8496 

8498 

8500 

8502 

8504 

8506 

8507 

8509 

851 1 

.930 

8511 

8S'3 

8515 

8517 

8519 

8521 

8523 

8525 

8527 

8529 

8531 

•931 

8531 

8533 

8535 

8537 

8539 

8541 

8543 

8545 

8547 

PI 

8551 

•932 

8551 

8553 

8555 

?557 

!559 

8561 

8562 

8564 

!5^ 

8570 

•933 
•934 

8570 
8590 

8572 
8592 

8574 
8594 

8576 
8596 

8578 
8598 

8580 
8600 

8582 
8602 

8584 
8604 

8586 
8606 

8588 
8608 

8610 

.935 

8610 

8612 

8614 

8616 

8618 

8620 

8622 

8624 

8626 

8628 

8630 

•936 

8630 

8632 

8634 

8636 

8638 

8640 

8642 

8644 

8646 

8648 

8650 

•937 

8650 

8652 

8654 

8656 

8658 

8660  8662  ! 

8664 

8666 

8668 

8670 

•938 

8670  ' 

8672 

8674 

8676 

8678 

8680  8682 

8684 

8686 

8688 

8690 

.939 

8690 

8692 

8694 

8696 

8698 

8700 

8702 

8704 

8706 

8708 

8710 

.940 

8710 

8712 

8714 

8716 

8718  8720 

8722 

8724 

8726 

8728 

8730 

.941 

8730 

8732 

8734 

8736 

8738  8740 

8742 

8744 

8746 

8748 

8750 

.942 

8750 

8752 

8754 

8756 

8758  8760 

8762 

8764 

8766 

8768 

8770 

•943 

8770 

8772 

8774 

8776 

8778  8780 

8782 

8784 

8786 

8788 

8790 

.944 

8790 

8792 

8794 

8796 

8798  8800 

8802 

8804 

8806 

8808 

8810 

.945 

8810 

8813 

8815 

8817 

8819 

8821 

8823 

8825  8827 

8829 

B^' 

.946 

8831 

8833 

8835 

8837 

8839 

8841 

8843 

8S45  8847 

8849 

5f5' 

•947 

8851 

8853 

8855 

8857 

ig 

8861 

8863 

8865  '  8867 

8870 

8872 

.948 

8872 

8874 

8876 

8878 

8882 

8884 

8886  8888 

8890 

8892 

•949 

8892 

8894 

8896 

8898 

8900 

8902 

8904 

8906  8908 

8910 

8913 
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0 

1 

2 

3 

4 

5 

8923 

6 

7 

8 

9 

10 

.950 

8913 

8915 

8917 

8919 

8921 

8925 

8927 

8929 

8931 

8933 

•95  > 

8933 

8935 

8937 

^ 

f94i 

8943 

§^ 

8947 

8950 

8952 

8954 

•952 

8954 

8956 

8958 

8962 

8964 

8968 

8970 

8972 

8974 

•953 

8974 

8976 

8978 

8980 

8983 

8985 

8987 

8989 

8991 

8993 

8995  ' 
9016 

•954 

8995 

8997 

8999 

9001 

9003 

9005 

9007 

9009 

9012 

9014 

.955 

9016 

9018 

9020 

9022 

9024 

9026 

9028 

9030 

9032 

9034 

9036 

956 

9036 

9039 

9041 

9043 

9045 

9047 

9049 

9051 

9053 

9055 

9057 

•957 

9057 

9059 

9061 

9064 

9066 

9068 

9070 

9072 

9074  9076 

9078 

.958 

9078 

96^ 

9082 

9084 

9087 

9089 

9091 

9093 

9095  9097 

9099 

•959 

9099 

9101 

9103 

9105 

9108 

91 10 

9112 

9114 

9116 

91 18 

9120 

.960 

9120 

9122 

9124 

9126 

9129 

9131 

9133 

9135 
9156 

9' 37 

9139 

9141 

.961 

9141 

9»43 

9145 
9166 

9147 

9150 

9152 

9154 

9158 

9160 

9162 

.962 

9162 

9164 

9169 

9171 

9173 

9175 
9196 

9177 

9179 

9181 

9183 

•963 

9183 

9185 

9188  ;  9190 

9192 

9194 

9198 

9200 

9202 

9204 

.964 

9204 

9207 

9209 

92 1 1  1 

9213 

9215 

9217 

9219 

9221 

9224 

9226 

.965 

9226 

9228 

9230 

9232 

9234 

9236 

9238 
9260 

9241 

9243 

9260 

9247 

.966 

V^ 

9249 

9251 

9253 

9256 

9258 

9262 

9264 

9268 

'^o 

9270 

9273 

9275 
9296 

9277 

9279 

9281 

9283 

9285 

9288 

9290 

.968 

9290 

9292 

9294 

9298 

9300 

9303 

9305 

9307 

9309 

93." 

.9^9 

93" 

9313 

9315 

9318 

9320 

9322 

9324 

9326 

9328 

9330 

9333 

.970 

9333 

9335 
9356 

9337 

9339 
9361 

9341 

9343 

9345 

9348 

9350 

9352 

9354 

.971 

9354 

9358 
93^0 

9363 

'i 

9367 

9369 

9371 

9373 

9376 

.972 

9376 

9378 

9382 

9384 

9389 

9391 

9393 

9395 

9397 

•973 

9397 

9399 

9402 

9404 

9406 

9408 

9410 

9412 

9415 
9430 

9417 

9419 

•974 

9419 

9421 

9423 

9425 

9428 

9430 

9432 

9434 

9438 

9441 

.975 

9441 

.9443 

9445 

9447 

9449 

9451 

9454 

9456 

9458 
9480 

9460 

9462 

.976 

9462 

9465 

9467 

9469 

9471 

9473 

9475 

9478 

9482 

9484 

•977 

9484 

9486 

9489 

9491 

9493 

9495 

9497 

9499 

9502 

9504 

9506 

•978 

9506 

9508 

9510 

9513 

9515 

9sn 

9519 

9521 

9524 

9526 

9528 

•979 

9528 

9530 

9532 

9535 

9537 

9539 

9541 

9543 

9546 

9548 

9550 

980 

9550 

9552 

9554 

9557 

9559 

9561 

9563 

9565 

9568 

9570 

9572 

.981 
.982 

9572 
9594 

9574 

9576 
9598 

9579 
9601 

9581 

9583 
9605 

9585 
9607 

9587 
9609 

9590 
9612 

9592 
9614 

pr6 

•983 

9616 

9621 

9623 

9625 

9627 

9629 

9632 

9634 

9636 

96^8 

.984 

9638 

9641 

9643 

9645 

9647 

9649 

9652 

9654 

9656 

9658 

.985 

9661 

9663 

9665 

9667 

9669 

9672 

9674 

9676 

9678 

9681 

9683 

.986 

9683 

9685 

9687 

9689 

9692 

9694 

9696 

9698 

9701 

9703 

9705 

'^l 

9705 

9707 

9710 

9712 

9714 

9716 

9719 

9721 

9723 

9725 
9748 

9727 

.988 

9727 

9730 

9732 

9734 

9736 

9739 

9741 

9766 

T^ 

9750 

.989 

9750 

9752 

9754 

9757 

9759 

9761 

9763 

9770 

9772 

.990 

9772 

9775 

9777 

9779 

9781 

9784 

9786 

9788 

9790 

9793 

9795 

.991 

9795 

9797 

9799 

9802 

9804 

9806 

9808 

9811 

^ 

98^8 

9817 

.992 

9817 

9820 

9822 

9824 

9827 

9829 

9831 

9833 

9840 

•993 

9840 

9842 

9845 

9847 

9849 

9851  9854 

9856 

^ 

» 

•994 

9863 

9865 

9867 

9870 

9872 

9874 

9876 

9879 

9883 

.995 

9886 

9888 

9890 

9892 

9895 

^7 

9899 

9901 

9904 

9906 

9908 

.996 

9908 

9911 

9913 

9915 
9938 

9984 

■ 

9917 

9920 

9922 

9924 

9927 

9929 

993' 

•997 

993' 

9933 

9936 

9940 

9988 

9991 

9947 

9949 

9952 

9954 

.998 
•999 

9954 
9977 

9956 
9979 

9959 

® 

9970 
9993 

9972 
9995 

9975 
9998 

9977 
ocxx> 
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Table  14. 

CIRCULAR  (TRIGONOMETRIC)  FUNCTIONS. 

(Taken  from  B.  O.  Peirce's  "  Short  Table  of  Integrals,"  Ginn  &  Co.) 


RADI- 
ANS. 

DE- 
GREES. 

SINES. 

COSINES. 

TANGENTS. 

COTANGENTS. 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

0.0000 

o°oo' 

.0000 

00 

1.0000 

0.0000 

.0000 

00 

00 

00 

90O00' 

1.5708 

0.0029 

10 

.0029 

7.4637 

1. 0000 

.0000  '  .0029 

7.4637 

343-77 

2^5363 

50  1.5679 

0.0058 

20 

.0058 
.0087 

.7648 

1  I.OOOO 

.0000  i  .0058 

.0000  ,  .0087 

.7648 

171.89 

•2352 

40   1.5650 

0.0087 

30 

.9408 

1. 0000 

.9409 

^4.59 

.0591 

30  '  I.5621 

0.01 16 

40 

.0116 

8.0658 

•9999 

.0000  ,  .01 16 

8.0658 

85.940 
68.750 

1-9342 

20  1 .5592 

0.0145 

50 

.0145 

.1627 

•9999 

1 

.0000  .0145 

.1627 

•8373 

10  1  1.5563 

0.0175 

1^00' 

!  .0175 

8.2419 

-9998 

9.9999  .0175 

8.2419 

,  57^290 

1.7581 

89000'i  1.5533 1 

0.0204 

10  1 

1  .0204 

•^ 

1  9998 

•9999  .0204 

.3089 

i  49-104 

.6911 

50  1 1-5504 

0.0233 
0.0262 

20  I 

•0233 

.3668 

1  -9997 

.9999  .0233 

.3669 

1  42.964 

.6331 

40  1 1.5475 

30  ! 

.0262 

.4179 

.9997 

•9999  0262 

.4181 

38.188 

.5819 

30  1 1.5446' 

0.0291 

40  1 

.029*1 

•4637 

.9996 

-.9998  .0291 

.4638 

34.368 

.5362 

20  1 1.54I7 1 

0.0320 

50  , 

.0320 

.5050 

-9995 

.9998  ,  .0320 

•5053 

31-242 

.4947 

10  1  r.5388 

0.0349 

2^00'  i 

•0349 

8.5428 

•9994 

9-9997  i  0349 

8.5431 

i  28.636 

1.4569 

88°oo'!  1.5359 

0.0378 

10  ! 

.0378 

.5776 

•9993 

.9997  1  .0378 

•5779 
.6101 

26.432 

.4221 

50  !  1-5330 

0.0407 

20  1 

.0407 

.6097 

.9992 

.9996  ,  .0407 

24.542 

•3899 

40  1.5301 , 

0.0436 

30  1 

.0436 

.6^97 
.6677 

.9990 

.9996  .0437 

.6401 

22.904 

•3599  1 

30  i  '.5272 

0.0465 

40  I 

.0465 

.9989 

.9995  ;  .0466 

.6682 

21.470 

•33181 

20  1  1.52431 

0.0495 

50 

.0494 

.6940 

.9988 

•9995  0495 

•6945 

20.206 

•3055 1 

10  j  1.5213' 

0.0524 

3^00'; 

•0523 

8.7188 

.9986 

9  9994  !  0524 

8.7194 

10.081 

1.2806 1 

87*00' 1  1.5184' 

00553 
0.0582 
0.001 1 

10  ! 

.05^2 

.7423 

.9985 

-9993  i  05^3 

-7429 

18.075 

.2571 

50  !  1.51551 

20  I 

•058 1 
.0610 

.7645 

.9983 

•9993  '  0582 

.7652 

17.169 

.2348 

40  1.5126 

30  1 

•7857 

.9981 

.9992  1  .0612 

.7865 

16.350 

•2135 

30  1.5097 

0.0640 

40  1 

.0640 

.8059 

•9980 

.9991  1  .0641 

.8067 

15.605 

•«933 

20  1.5068 

0.0669 

50 

.0669 

.8251 

.9978 

.9990  .0670 

.8261 

14.924 

.»739 

10  1.5039 

0.0698 

4°oo' 

.0698 

8.8436 

•9976 

9.9989  1  .0699 

8.8446 

14.301 

'-1554 

86®oo'  1. 5010 

0.0727 

10 
20 

30 

.0727 

•!^i3 

•9974 

.9989  1  .0729 

.8624 

>3-727 

•1376 

50  1.49S1 

0.0756 

.0756 
.0785 

.8783 

•997' 

.9988  .0758 

.8795 

i3-'97 

.1205 

40  1.4952 

0.0785 

.8946 

.9969 

.9987  .0787 

.8960 

12.706 

.1040 1 

30  1.4923 

0.0814 

40 

.0814 

.9104 

.9967 

.9986  .0816 

.9118 

12.251 

.0882 

20  i  14893 

0.0844 

1 
50 

5*'oo' 

.0843 

.9256 

.9964 

.9985  .0846 

•9272 

11.826 

.0728 

10 

1.4864 

0.0873 

•0872 

8.9403 

.9962 

9.9983  .0875 

8.9420 

11.430 

1.05801 

85*00' 

\-^ 

0.0902 

10 

•0901 

.9545 

-99S9 

.9982  1  .0904 

•9563 

11.059 

.0437 

50 

0.0931 

20 

0929 

.9682 

.9957 

.9981  .0934 

.9701 

10.712 

-02991 

40 

iA777 

0.0960 

30  1 

•09^8 

.9816 

•99S4 

.9980  .0963 

.9836 

10.3815 

.0164 

30 

1.4748 

0.0989 

40 

•0987 

•9945 

99S[ 

.9979   X^2 

.9966 

io.07ii 

•00341 

20 

1.4719 

0.1018 

SO  1 

.1016 

9.0070 

•9948 

-9977  1  -1022 

9.0093 

9.7882 

0.9907 

10 

1.4690 

0.1047 

6*»oo 

.1045 

9.0192 

•9945 

9.9976  .1051 
.9975  .1080 

9.0216 

9.5^44 

0.9784  1  84^00'  1. 466 1  1 

0.1076 

10  1 

.1074 

.0311 

.9942 

•0336 

9-2553 
9.0098 

.9664, 

50  1  1.4032 

O.I  105 

20  1 

.1103 

.0426 

•9939 

•9973 

.1110 

•0453 

•9547  i 

40  ,  1.4603 

0.1 134 

O.II64 

30 

.1132 

.0539 

•9936 

.9972 

•»i39 

.0567 

8.7769 

•9433  1 

30  j  1.4574 

40 

.1161 

.0648 

•9932 

.9971  .1169 

.0678 

8.5555 

.9322 

20  1.4544 

O.I  193 

50 
7°oo' 

.1190 

•0755 

.9929 

.9969  '  .1198 

.0786 

8.3450 

.9214 

10  1.4515 

0.1222 

.1219 

9.0859 
.0961 

•9925 

9.9968  .1228 

9.0891 

8.1443 

0.9109 

83*00'  1.4486 

O.I2qi 
0.1280 

10 

.1248 

.9922 

.9966  .12^7 

•0995 
.1096 

7.9530 

.9005 

50  1.4457 

2Q 

1 

.1276 

.1060 

.9918 

.9964  1  .1287 

7-7704 

.8904 

40  1  1.4428 

0.1309 

30 

•1305 

.1157 

.9914 

-9963 

U17 

.1194 

7-5958 
7.4287 

.8806 

30 

'•4399 

0.1338 
0.1367 

40 

•1334 

.1252 

.9911 

.9961 

.1346 

.1291 

.8709 

20 

1.4370 

50 

8«oo' 

•1363 

•>345 

.9907 

•9959 

•1376 

•1385 

7.2687 

•8615 

10 

1.4341 

0.1396 

•139? 

9-1436 

■9903 

9.9958  .1405 
•9956  .1435 

9.1478 

I'^li^ 

0.8522 

82*00' 

1. 431 2 

0.1425 

10 

.1421 

.1525 

•9899 

.1569 

6.9682 

.8431 

50 

M283 

0.1454 

20 

.1449 

.1612 

.9894 

-9954  .1465 

.1658 

6.8269 

.8342 

40 

1.4254 

0.1484 

30 

.1478 

.1697 

.9890 

.9952  1  .1495 

.'745 

6.6912 

•8255 

30 

1.4224 

O.1513 

40 

.1507 

.1781 

.9886 

.9950  .1524 

.1831 

6.5606 

.8169 

20 

1.4195 

0.1542 

SO 

•1536 

.1863 

.9881 

•9948 ;  .1554 

.1915 

6.4348 

.80851 

10 

1.4166 

O.I57I 

9O00' 

.1564 

9-1943 

.9877 
Nat. 

9.9946  1 
Log. 

.1584 

9-1997 

6.3138 

Nat. 

0.8003 
Log. 

81*00' 

1.4137 

Nat. 

Log. 

Nal. 

Log. 

(/5 

1  Q^ 
,   0 

COSINES. 

SINES. 

COTAN- 
GENTS. 

TANGENTS. 
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RADI- 
ANS. 

DE- 
GREEf. 

SINES. 

COSINES. 

TANGENTS.  COTANGENTS. 

f 

Nat. 

1 

Log. 

Nat. 

Log. 

Nat. 

Log. 

NaL 

Log. 

O.1571 
0.1000 

9*»oo' 

.1564 

9-1943 

.9877 

9.9946 

.1584 

9-1997 

6.3138 

0.8003 

Sl^OO' 

1.4137 

10 

•«593 
.1622 

.2022 

•9?^o 

.9944 

.1614 

.2078 

6.1970 
6.0844 

.7922 

50 

1.4V08 

0.1629 

20 

.2100 

.9868 

•9942 

.1644 

.2158 

.7842 

40 

1.4079 

0.1658 

30 

.1650 

.2176  .986' 

.9940 

•1673 

.2236 

5-2758 

.7764 

30 

1.4050 

ai687 

40 

.1679 

.2251  .9858 

.9938 

•1703 

•2313 

5.8708 

.7687 

20 

1.4021 

0.1716 

50 

.1708 

.2324  .9853 

•9936 

'^7Zl 

.2389 

5^7694 

.7611 

10 

1.3992 

0.1745 

10*00' 

'^7Z'^ 

9.2397  .9848 

9-9934 

'^7^Z 

9.2463  5.6713 

0.7537 
-7464 

80000' 

'•3963 

0.1774 

10 

.1765 

.2468  .9843 
•2538  -  .9838 

.9931 

.1793 

•2536  5^5764 

.2609  5.4845 

50 

1-3934 

0.1804 

20 

.1794 

.9929 

.1823 

•7391 

40 

Wi 

0.1833 

30 

.1822 

.2606 :  .9833 

.9927 

•'?|3 

.2680  ;  5.3955 

.7320 

30 

0.1862 

40 

.1851 
.1880 

.2674  .9827 

.9924 

.1883 

.2750  !  53093 

.7250 

20 

1.3846 

0.189 1 

^"^    i 

.2740  .9822 

.9922 

.1914 

.2819  •  5.2257 

.7181 

10 

1.3817 

0.1920 

UOOO'  1 

.1908 

9.2806 1 .9816 

9-9919 

.1944 

9.2887  5.1446 

0.7 1 13 

79O00'  ' 

1.3788 

0.1949 

10  1 

.1937 
.1965 

.2870 '  .981 1 

•99»7 

.1974 

•2953 

5.0658 

•?°i7 

50 

1-3759 

0.1978 

20 

.2934  .9805 

.9914 

.2004 

.3020 

4.9894 

.6980 

40 

1-3730 

0.2007 

30 

.1994 

.2997 

•9799 

.9912 

•2035 
.2065 

.3085 

4.Q152 

.6915 

30 

1. 370 1 

0.2036 
0.2065 

40 

.2022 

.3058 

•9793 

.9909 

•3U9 

4.8430 

'Til 

20 

1.3672 

50 

.2051 

.3119  .9787 

1 

-9907 

.2095 

.3212 

4-7729 

.6788 

10 

1.3643 

0.2094 

I2000' 

.2079 

9-3179  1 .9781 

9.9904  .2126 

93275 

4.7046 

0.6725  ' 

78O00' 

1.3614 

0.2123 

10 

.2108 

•3238  .9775 

.9001  ,  .2156 

•3336 

4.6382 

.6664 

50 

1-3584 

0.21^3 
0.2182 

20 

.2136 

.3296  .9769 

.2186 

•3397  4.5736 

.6603 

40 

>-3555 

30 

.2164 

•3353 

•9763 

.9896 

.2217 

.3458  4.5107 

.6542 

30 

1.3526 

0.2211 

40 

.2193 

.3410 

•9757 

-9893 

.2247 

•35  >  7  4.4494 

.6483 

20 

1.3497 

0.2240 

50 

.2221 

.3466 

•9750 

.9890 

.2278 

•3576  4.3897 

.6424 

10 

1.3468 

0.2269 

13000' 

.2250 

9-3521 

.9744 

9-9887 

-2309 

9^3634 

43315 

0.6366 

77000' 

1-3439 

0.2298 

10 

.2278 

•3575 

•9737 

'9!^ 

•2339 

.3691 

42747 

•6309 

50 

1.3410 

0.2327 

20 

.2306 

.3629 

•9730 

•"^i 

.2370 

•3748 

4-2193 

.6252 

40 

I -338 1 

1  0.2356 

30 

.2334 

.3682 

.9724 

.9878 

.2401 

.3804 

4-1653 
4.1126 

.6196 

30 

1.3352 

0.2385 

40 

'  -2363 

•3734 

,9717 

.9875 

-2432 
.2462 

•3859 

.6141 

20 

»-3323 

0.2414 

50 

•239« 

.3786 

.9710 

.9872 

•3914 

4.0611 

.6086 

10 

1-3294 

0.2443 

I4OOO' 

.2419 

^•^fy 

.9703 

9.9869 

-2493 

9.3968 

4.0108 

0.6032 

76*00' 

1.3265 

0.2473 

10 

.2447 

.3S87 

.9866 

.2524 

.4021 

396 1 7. 

•5979 

50 

1.3235 
1.3206 

1.3177 

0.2502 

0.2531 
0.2560 

20 
30 

.2476 
.2504 

.3986 

19681 

.9863 
.9859 

■m 

.4074 
.4127 

3^8667 

.5026 
.5873 

40 
30 

40 

•2532 
.2560 

.40^5 
.4083 

.9674 

.9856 

.2617 

.4178 

3.8208 

.5822 

20 

1.3148 

,  0.2589, 

50 

.9667 

-9853 

.2648 

.4230 

3-7760 

•5770 

10 

1.3119 

'  0.2618 

I5O0O' 

.2588 

9.4130 

.9659 

9.9849- 

.2679 

9.4281 : 3.7321 

0.5719 

75000' 

1.3090 

a  2647 

10 

.2616 

•4»77 

.9652 

.9846 

.2711 

•433 » 

3.6891 

.5669 

50 

1.3061 

0.2676 

20 

.2644 

.4223 

.9644 

.9843 

.2742 

.4381 

3-6470 

.5619 

1    40 

1-3032 

a  2705 

30 

.2672 

.4269 

.9636 

•9839 

.2773 

.4430 

3-6059 

•5570 

30 

1-3003 

0.2734 
0.2763 

40 

.2700 

.4314 

.9628 

.9836 

.2805 

.4479 

35656 
3.5261 

.5521 

20 

1.2974 

50 

.2728 

-4359 

.9621 

-9832 

.2836 

.4527 

.5473 

10 

1.2945 

0.2793 

16^00' 

.2756 

9.4403  .9613 

9.9828 

.2867 

9-4575 
.4622 

3-4874 

0.5425 

74000' 

llssi 

0.2822 

10 

.2784 

.4447  .9605 

.9825 

-2899 

3-4495 

•5378 

50 

a285i 
0.2880 

20 

.2812 

.4491  '  .9596 

.9821 

•2931 
.2962 

.4669 

3.4124 

-5331 
.5284 

40 

1.2857 

30 

.2840 

•4533  !  -9588 

.9817 

.4716 

3-3759 

30 

1.2828 

0.2909 

40 

■  .2868 

.4576  ■  .9580 

.9814 

.2994 

.4762 

3-3402 

•5238 

20 

1.2799 

a  2938 

50 

<  .2896 

.4618  ,  .9572 

.9810 

.3026 

.4808 

3-3052 

.5192 

10 

1.2770 

0.2967 

i7**oo' 

.2924 

9.4659 

-9563 

9.9806 

•3057 
.30J9 

9-4853 

3^2709 

0.5147 

73000^ 

1.2741 

0.2996 

10 

.2952 

.4700 

•9555 
.9546 

.9802 

.4898 . 3.2371 

.5102 

50 

1.2712 

0.3025 

20 

.2979 

.4741 

.9798 

.3121 

-4943 

3.2041 

•5057 

40 

1.2683 

0.3054 
0.3083 

30 

•3007 

.4781 

•9537 

.9794 

•3153 

.4987 

3.1716 

•5013 

30 

1.2654 

40 

•3035 
'  .3062 

.4821 

•9528 

.9790 

•3185 

•5031 

3-1397 

.4969 

20 

1.2625 

o-3"3 

50 

.4861 

.9520 

.9786 

•3217 

•5075 

3.1084 

•4925 

10 

1.2595 

0.3142 

i8°oo' 

•3090 

9.4900 

.9511 

9.9782 

•3249 

9.51 18 

3-0777 

0.4882 

72*00' 

1.2566 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

c/5 

0 

COSINES 

SINES. 

COTAN- 
GENTS. 
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RADI- 
ANS. 

DE- 
GREES. 

SINES. 

COSINES.         TANGENTS. 

COTANGENTS. 

Nat. 

Log. 

Nat. 

Log.         Nat. 

Log. 

Nat. 

Log. 

0.3142 

iS^OO' 

.3090 

9.4900 

.9511 

9.9782  1  .3249 

9.51 18 

3-0777 

0.4882 

72*00' 

1.2566 

0^171 

10 

.3118 

•4939 

.9502 

,9778     .3281 

.5161 

3-0475 

.4839 

50 

1.2537  , 

0.3200 

20 

•3»45 

.4977 

.9492 

•9774  1  -33  »4 

•5203 

3.0178 

4797 

40 

1.2508  ' 

0.3229 

30 

'V7Z 

•5015 

.9483 

.9770    .3346 

.5245 

2.9887 

•4755 

30 

1.2479 

0.3258 
0.3287 

40 

.3201 

.5052 

•9474 

•9765  ,  .3378 

.5287 

2.9600 

•4713 

20 

1.2450    ; 

50 

.3228 

.5090 

•9465 

.9761     .3411 

1 

•5329 

2.9319 

.4671 

10 

1.242  1     < 

« 

0.33^6 

i9®oo' 

.3256 

9.5126 

•9455 
.9446 

9-9757  i  -3443 

9-5370 

2.9042 

0.4630 

71*00' 

1.2392 

0.3345 

10 

•3283 

.5»63 

•9752  i  3476 

•54 « I 

2.8770 

4589 

50 

1-2363 

0.3374 

20 

•33" 

.5199    -9436 

.9748    .3508 

•545> 

2.8502 

.4549 

40 

«.2334  i 

0.3403 
0.3432 
0.3462 

30 
40 

.3338 
.3365 

.5235    .9426 
.5270  1  .9417 

•9743  1  -3541 
•9739  '  .3574 
•9734  ,  3607 

.5491 
•5531 

2.82W 
2.7980 

•4509 
.4469 

30 
20 

«.2305  i 

1.2275 

1.2246 

50 

•3393 

•5306 

.9407 

.557 « 

2.7725 

•4429 

10 

0.3491 

20®00' 

.3420 

9-5341 

.9397 

9^9730  '  3640 

9.561 1 

2.7475 
2.7228 

0.4389 

70*00' 

1. 2217  ' 

0.3520 

10 

.3448 

•5375 

•9387 

•9725 

-3^73 
•3706 

■'X 

•4350 

50 

1.2188 

0.3549 

20 

•3475 

.5409  '  '9377 

.9721 

2.6746 

•43" 

40 

1-2159 

0.3578 
0.3607 

30 

•3502 

.5443     93^7 

.9716 

•3739 

•5727 

.4273 

30 

1. 2130  1 

40 

.3529 

•5477     9356 

.9711 

■3772 

•5766 

2.65 1 1 

.4234 

20 

1. 2101 

0.3636 

50 

•3557 

•55»o ;  .9346 

.9706    .3805 

.5804 

2.6279 

.4196 

10 

1.2072 

0.3665 

21O0O' 

.3584 

9^5543     933^ 

9-9702    .3839 

9.5842 

2.6051 

0.4158 

69*00'   1 

1.2043  ! 

0.3694 

10 

.3611 

.5576    ^9325 
.5609  1  .9315 

.9697 

.3872 

.5879 

2.5826 

.4121 

50     1 

1. 2014 

0.3723 

20 

.36^8 

.9692 

.3906 

•59»7 

l'^ 

.4083 

40 

I.I9S5 
1.1956; 

0.3752 

30 

•3665 

.5641     .9304 

.9687 

•3939 

•5954 

.4046 

30 

0.3782 

40 

.3692 

.5673  ,  .9293 

.9682 

•3973 

•5^1 

2.5172 

.4009 

20 

I. 1926 

0.38  II 

50 

•37 '9 

.5704    .9283 

.9677 

.4006 

.6028 

2.4960 

•3972 

10 

1.1897 

0.3840 

22<>00' 

.3746 

9.5736  ;  9272 

9.9672 

.4040 

9.6064 

2.4751 

0.3936 

68*00^ 

1. 1868: 

10 

'V7Z 

.5767  ;  .9261 

.9667 

.4074 

.6100 

2-4545 

•3950 

50 

1. 1839  1 

0.3898 

20 

.3800 

.5798    .9250 

.9661 

.4108 

.6136 

2.4342 

•3?^ 

40 

I.1810 

0.3927 

30 

•3827 

.5828  i  .9239 

.9656 

.4142 

.6172 

2.4142 

•3f^2S 

30 

I. 1781 

0.3956 
0.3985 

40 

.3854 

.5859     9228 
•5889  1  .9216 

.9651 

.4176 

.6208 

2^3945 

•3792 

20 

I.I752 

50 

.3881 

.9646 

.4210 

.6243 

2.3750 

•3757 

10 

1. 1723 

0.4014 

23*00' 

•3907 

9.5919 

•9205 

9.9640 

.4245 

9.6279 

2-3559 

0.3721 

67*00' 

I.1694 

0.4043 

10 

•3934 
.3961 

•5948 

.9194 

•9635 

.4279 

.6314 

2.3309 

.3686 

50 

1.1665  j 

0.4072 

20 

.5978 
.6007 

.9182 

.9629 

-43*4 

.6348 

2.318^ 

•3652 

40 

1.1636  1 

0.4102 

30 

.3987 

.9171 

.9624 

•4348 

•6383 

2.209^ 

.3617 

30 

1. 1606 

0.413 1 

40 

.4014 

.6036    .9159 
.6065    .9147 

.9618 

•4383 

.6417 

2.2017 

•3583 
•3548 

20 

^i577 

0.4100 

50 

.4041 

•9613 

.4417 

.6452 

2.2637 

'<^   i 

1. 1548 

0.4189 

24*00' 

.4067 

9.6093    .9135 

9.9607 

.4452 

9.6486 

2.2460 

o.35'4 

66*00' 

1.1519 

0.4218 

10 

.4094 

.6121     .9124 

.9602 

•4487 

.6520    2.2286 

.3480 

50 

1.1490 

0.4247 

20 

.4120 

.6149 

.9112 

•9596 

-4522 

•5553 

2.21 13 

•3447 

40 

1.1461 

0.4276 

30 

.4147 

.6177 

.9100 

.9590 

•4557 

.6587 
.6620 

2.1943 

•3413 

30 

1. 1432 

0.4305 

40 

.4173 

.6205 

.9088 

.9584 

.4592 

2.1775 

•3380 

20 

1,1403 

0.4334 

■    50 

.4200 

.6232 

•9075 

•9579 

.4628 

.6654 

2.1609 

•3346 

10 

^•»374 

0.4363 

25*00' 

.4226 

9.6259 

•9063 

9-9573 

.4663 

9.6687 

2.1445 

o.33»3 

65*00' 

».'345 

0.4392 

10 

•4253 

.6286 

.9051 

■9567 

•4699 

.6720 

2.1283 

.3280 

50 

1.1316 

0.4422 

20 

.4279 

•6313 

.9038 

.9561 

•4734 

.6752 

2.1123 

•3248 

40 

1. 1 286 

0.4451 
0.4480 

30 

•4305 

.6340 

.9026 

•9555 

•4770 

.6785 

2.0965 
2.0809 

.3215 

30 

1.1257 

40 

.433 « 

.6366    .9013 

.9549 

.4806 

.6817 

•3 '83 

20 

1. 1228 

0.4509 

50 

•4358 

.6392 

.9001 

-9543 

.4841 

.6850 

2.0655 

•3»5o 

10 

1.1199 

0.4538 
0.4567 

26*00' 

.4384 

9.6418 

.8988 

9-9537 

.4877 

9.6882 

2.0503 

0.31 18 

64*00' 

I.I  170 

10 

.44*0 

•6444 

.8975 

•9530 

•49 « 3 

.6914 

2.0353 

.3086 

50 

1.1141 

0.4596 

20 

4436 

.6470 

.8962 

•9524 

.4950 
.4986 

.6946 

2.0204 

•3054 

40 

1.1112 

0.4625 

30 

.4462 

.6495 

•8949 

.9518 

.6977 

2.0057 

•3023 

30 

1. 1083 

0.4654 
0.4683 

40 

.4488 

.6521 

.8936 

.9512 

.5022 

.7009 

1. 99 1 2 

.2991 

20 

1.1054 

50 

.45 » 4 

.6546 

.8923 

•9505 

.5059 

.7040 

1.9768 

,2960 

10 

1. 1025 

0.4712 

27*00' 

4540 

9.6570 

.8910 

9^9499 

-5095 
Nat. 

9.7072 
Log. 

1.9626 
*  Nat. 

0.2928 
Log. 

63*'oo' 

CO 

Mm 
0 

1.0996 

Nat. 

Log. 

Nat. 

Log. 

1 

05^ 
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RADI- 
ANS. 

DE- 
GREES. 

SINES. 

COSINES. 

TANGENTS. 

COTANGENTS. 

Nat   Log. 

Nat. 

Log. 

Nat   Log. 

Ntt.    Log. 

0.4712 

27*00' 

.4540  9-6570 

.8910 

9-9499 

.5095  9.7072 

1.9626  a2028 
1.9486   .2897 

63*^00' 

1.0996 

0.4741 

10 

.4566   .6595 
.4592   .6620 
.4617   .6644 

.8807 

•9492  .5*32  .7103 

50 

1.0966 

0.4771 

20 

.8884 

.9486 

.5169   .7134 
.5206   .7165 
.5243   .7196 

1.9347   .2866 

40 

1.0937 

1 

04800 

30 

.8870 

•9479 

I.9210   .2835 

30 

1.0Q08 

0.4829 

40 

.4643  .6668 

•S57 

•9473 
•9466 

1.9074   .2804 
1.8940   .2774 

20 

1.0879 

0.4858 

50 

.4669  .6692 

.8843 

.5280   .7226 

10 

1.0850 

a4887 

28*»oo' 

.4695  9.67 16  1  .8829 

9-9459 

•53«7  9.7257 
•5354  •7287 

1.8807  0.2743 

62*00' 

1.082 1 

0.4916 

10 

.4720  .6740 

.8516 

•9453 
.9446 

1.8676   .2713 

50 

1.0792 

0.4945 

20 

.4746  .6763 

.8802 

•5392  -7Zn 

1.8546   .2683 

40 

1.0763 

0.4974 

30 

.4772  .6787 

.8788 

•9439 

•5430  .7348 

1. 84 1 8  .2652 

30 

1-0734 

0.5003 

40 

•4797  -6810 

.8774 

•9432 

•5467   7378 

1.8291   .2622 

20 

1.0705 
1.0676 

0.5032 

50 

.4823  .6833 

.8760 

•9425 

.5505  .7408 

1.8165  .2592 

10 

0.5061 

29*00' 

.4848  9.6856 

.8746 

9.9418 

•5543  9.7438 
.5581   .7467 

1.8040  0.2562 

61*00' 

1.0647 

0.5091 

10 

.4874  .6878  !  .8732 

•94" 

^•79i7  ^2533 

50 

1.0617 

a5i20 

20 

.4899  .6901 

.8718 

.9404 ;  .5619  .7497 

1.7796  .2503 

40 

1.0588 

0.5149 

30 

.4924  .6923 
.4950  .6946 

.8704 

-9397 

.5658  .7526 

1.7675  .2474 
1.7556  .2444 

30 

1.0559 

o.5»78 

40 

.8689 

.9390 

.5696  .7556 
•5735  7585 

20 

1.0530 

0.5207 

50 

•4975  -6968 

.8675 

•9383 

1.7437  .2415 

10 

ix>5oi 

0.52^6 
0.5265 

3o**oo' 

.5000  9.6990 

.8660 

9-9375 
.9368 

•5774  9^7614 

1.732 1  0.2386 

60*00' 

1.0472 

10 

.5025  .7012 

.8646 

.5812   .7644 

1.7205  .2356 

50 

1.0443 

0.5294 

20 

•5050  .7033 

ii^l 

•9361 

.5851   .7673 

1.7090  .2327 

40 

1.0414 

0-5323 

30 

.5075  -7055 
.5100  .7076 

.8616 

0  ^ 

•9353 
.9346 

.5890  .7701 

1.6077  .2299 
1.6864  .2270 

30 

1.0385 
I  •0356 

0.5352 
0.5381 

40 

.8601 

•5930  7730 
•5969  ^77  59 

20 

50 

.5125  .7097 

.8587 

•9338 

1.6753   ^224 1 

10 

1.0327 

0.5411 

3i**oo' 

.5150  9.7118 

.8572 

9-933' 

.6009  9.7788 

1.6643  0.2212 

59*00' 

1.0297 

0.5440 

10 

.5175  .7139  •8557 
.5200  .7160  .8542 

•9323 

.6048  .7816 

1.6534   .2184 

SO 

1.0268 

0.5469 

20 

-9315 
.9308 

.6088  .7845 

1.6426   .2155 

40 

1-0239 

0.5498 

30 

.5225   .7181 

.8526 

.6i;28   .7873 

I.6319   .2127 

30 

1.0210 

0.5527 

40 

.5250   .7201 

.8511 

.9300 

.6168   .7902 

1. 62 1  2   .2098 

20 

1.0181 

0.5556 

SO 

.5275   .7222 

.8496 

.9292 

.6208   .7930 

1.6107   .2070 

10 

1.0152 

0.5585 
0.5614 

32*00' 

•5299  9-7242 

.8480  9.9284  ' 

.6249  9.7958 
.6289   .7986 

1.6003  0.2042 

58*00' 

1.0123 

10 

.5324  .7262 

.8465 

.9276 

1.5900   .2014 

50 

1.0094 

0.5643 

20 

.5348  .7282 

.8450 

.9268 

.6330   .8014 

1.5798   .1986 

40 

1.0065 
1.0036 

0.5672 

30 

•5373-  .7302 
•5398  .7322 

'b^ 

.9260 

.6371   .8042 

1.5697   .1958 

30 

0.5701 

40 

.8418 

.9252 

.6412   .8070 

J-5597  ^1930 

20 

1.0007 

• 

0.5730 

50 

.5422   .7342 

.8403 

•9244 

.6453   .8097 

1.5497  .1903 

10 

0.9977 

0.5760 

33*00^ 

-5446  9-7361 

.8387 

9.9236 

.6494  9.8125 

1.5399  0.1875 

57*00' 

0.9948 

0.5818 

10 

.5471   -7380 

.8371 

.9228 

.6536   .8153 

1.5301  .1847 

SO 

0.9919 

20 

•5495  7400 

•835s 

.9219 

.6577   .8180 
.6619   .8208, 

1.5204  .1820 

40 

0.9890 

0.5847 

30 

.5519  .7419 

•8339 

.9211 

1.5108  .1792 

30 

0.9861 

0.5876 

40 

•5544  .7438 

.8323 

.9203 

.6661   .8235 
.6703   .8263 

^50i3  .1765 

20 

0.9832 

0.5905 

SO 

.5568  .7457 

.8307 

.9194 

».49i9  .1737 

■  10 

0.9803 

0.5934 
0.59S3 

34O00' 

.5592  9-7476 
.5616  .7494 

.8290 

9.9186 

.6745  98290 

1.4826  0.1710 

56*00' 

0.9774 

10 

•8274 

.9177 

.6787   .8317 

1-4733  .1683 

SO 

0.9745 
0.9716 

0.5992 
0.6021 

20 

.5640  .7513  1  .8258 

.9169 

.6830   .8344 

1.4641   .1656 

40 

30 

•5664  .753'  '  -8241 

.9160 

.6873  .8371 
.6916   .8398 

1.4550  .1629 
1.4460  .1602 

30 

0.9687 

0.6050 

o.6oio 

40 

.5688  .7550  ,  .822  s 
.5712   .7508  .820il 

.9151 

io 

a9657 
0.9628 

50 

.9142 

.6959   .8425 

1-4370  .1575 

10 

0.6  r  09 

35*00' 

.5736  97586  .8192 
.5760  .7604  .8171; 
.5783  .7622  .815^ 

9-9 » 34 

.7002  9.8452 

1.4281  0.1548 

55*00' 

0.9599 

0.6138 

10 

.9125 
.9116 

.7046   .8479 

1.4193   .1521 
1.4106  .1494 

50 

0.9570 

6.6167 

20 

.7089   .8506 

40 

0.9541 

0.6196 

30 

.5807   .7640  .8141 

.9107 

•7133   -8533 

1.4019   .1467 

30 

0.9512 

0.6225 

40 

.583'  -7657 ;  .8124 

.9098 

.7177   .8559 

1.3934   .1441 

20 

0.9483 

0.6254 

50 

.5854  .7675 '  8107 

.9089 

.7221   .8586 

1.3848   .1414 

10 

0.9454 

0.6283 

36*^00' 

.5878  9.7692 

8090 

9.9080 

.7265  9.8613 

1.3764  0.1387 
Nat.    Log. 

54*00' 

0.9425 

Nat.   Log. 

Nat. 

Log. 

Nat.   Log. 
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Table  14  (foniintud). 
CIRCULAR  (TRIGONOMETRIC)  FUNCTIONS. 


1 

SINES. 

COSINES. 

TANGENTS.  'COTANGENTS. 

WW 

1 

Nat. 
.5878 

Log. 
9.7692  1 

Nat. 

Log. 

Nat. 

Log. 

NaL 

Log. 

1 

1 

0.6283 

36*00' 

.8090 

9.9080 

•7265 

9.8613  1  1.3764 

0.1387 

54*00' 

0.9425 

0.6312 

10 

.5901 

.7710  , 

•!^73 

.9070 

7310 

.86391  1.3680 

.1361 

50 

0.9396 

0.6341 

20 

•5925 
.5948 

•7727  1 

.8056 

.9061 

7355 

.8666  1.3597 

•1334 

40 

0.9367 

0.6370 

30 

.7744  1 

.8039 

.9052 

.7400 

.8692  1. 35 1 4 

.1308 

30 

0.9338 

0.6400 

40 

•5972 

.7761  1 

.8021 

.9042 

•7445 

.8718'  1.3432 

.1282 

20   0.9308 

0.6429 

50 

•5995 

.7778 

.8004 

•9033 

.7490 

•8745  1  i-335» 

.1255 

10   a9279 

0.6458 
0.6487 

37O00' 

.6018 

9-7795  ! 

.7986 

99023 

7536 

9.8771 

1.3270 

0.1229 

53*00'  0.9250  1 

10 

.6041 

.7811 

.7969 

.9014 

7581 

•8797  1  1-3190 

.1203 

50   0.9221  1 

0.6516 

20 

.6065 
.6088 

.7828  1 

•7951 

.9004 

.7627 

.8824  ;  I.3III 

.1176 

40  '  0.9192 

0.6545 

30 

.78441 

•7934 

•8995 

•7673 

•?!5? 

13032 

.1150 

30  1  0.9163  1 

0.6574 
0.6603 

40 

.6111 

.7861 

.7916 

.8985 

7720 

.8876 

1.2954 

.1124 

20  1  0.9134  1 

50 

.6134 

.7877 

.7898 

•8975   -7766 

.8902 

1.2876 

.1098 

10   0.9105 

0.6632 
0.6661 

38''oo' 

.6157 
.61  & 

97893 

.7880 

9.8965 

•7?!3 

9.892S 

1.2799 

0.1072 

52*00'  0.9076  ' 

10 

.7910 

.7862 

•8955 

.7860 

.8954 1 1.2723 

.1046 

50  1  0.9047  1 

0.6690 

■  20 

.6202 

•7926 

.7844 

.8945 

.7907 

.89801  1.2647 

.1020 

40  <  0.9018 

0.6720 

30 

.6225 
.624^ 

•7941 

.7826 

-8935  '  -7954 

.90061  1.2572 

.0994 

30  0.8988 

0.6749 

40 

-7957 

.7808 

.8925 

.8002 

.90321 1.2497 

.0968 

20   a8959 

0.6778 

50 

.6271 

•7973 

•7790 

.8915 

.8050 

.90581 1.2423 

.0942 

10  \  0.8930 

0.6807 

39**oo' 

.6293 

9.7989  1 

•7771 

9.8905 

.8098 

9.9084  1.2349 

0.0916 

51*00' 

0.8901 

0.6836 

10 

.6316 

.8004  1 

•7753 

.8895 

.8146 

.9110  1.2276 

.0890 

50 

0.8872 

0.6865 

20 

.6361 

.8020 

•7735 
.7716 

.8884 

.8195 

•9135 

1.2203 

-0865 

40 

0.8843 

0.6894 

30 

.8035 

•!!74 

-8243 

.9161 

1.2131 

.0839 

30 

0.8814 

0.6923 
0.6952 

40 
50 

.6400 

.8050  i 
.8066' 

.7698 
.7679 

.8864 
■8853 

.8292 
.8342 

.9187 

.9212 

\^ 

.0813 
.0788 

20 
10 

0.8785 
0.8756 

0.6981 

40*00' 

.6428 

9.8081  < 

.7660 

9.8843 

.839' 

9.9238  1.1918 

0.0762 

50*00' 

0.8727 

0.7010 

10 

.6450 

.8096  1 

.7642 

.8832 

.8441 

.9264 

1. 1847 

-0736 

50 

0.8698 

0.7039 

20 

.6472 

.81 1  r  1 

.7623 

.8821  1  .8491 

.9289 

I.1778 

.0711 

40 

0.866S 

0.7060 

30 

.6494 

.8125 

.7604 

.8810  1  .8541 

•9315 

1. 1708 

.0685 

30 

0.8639 

0.7098 

40 

.6517 

.8140 

•7566 

.8800  1  .8591 

•9341 

1. 1640 

•0659 

20 

o.86ro 

0.7127 

50 

•6539 

.8155  1 

.8789 

.8642 

.9366 

I.1571 

.0634 

10  0.8581 

0.7 1 156 
0.7185 

41*00' 

•6561 

9.8169 

•7  547 

9.8778 

.8693 

9-9392 

1. 1504 

ao6o8 

49*00'  0.8552 

10 

•^ 

.8184 

.7528 

.8767 

•8744 

.9417 

1.1436 

.0583 

50  1  0.8523 

0.7214 

20 

.8198 

•7509 

.8756  1  .8796 

•9443!  1-1369 
.9468  1. 1 303 

•0557 

40  0.S494 

0.7243 

30 

.6626 

.8213 

•7490 

-8745  !  .8847 

•0532 

30  0.8465 

0.7272 

40 

.6648 

.8227 

.7470 

.8733  ,  8899 

-9494  [  I-J237 

.0506 

20  0.8436 

0.7301 

50 

.6670 

.8241 

.7451 

.8722  j  .8952 

.95191  1.1171 

.0481 

10 

0.8407 

0.7330 

42*00' 

.6691 

9.82C5 

.7431 

9.87 1 1  {  .9004 

9.9544  1  I.I  106 

0.0456 

48*00' 

^■5378 

0.7359 
0.7389 

10 

•6713 

.8269 

.7412 

.8699  ,  .9057 

•9570 '  i.1041 

•0430 

50 

0.8:^48 

20 

.6734 

.8283 

•Z392 

.8688  1  .9110 

.9595  1  1.0977 

.0405 

40 

0.8319 

0.7418 

30 

.6756 

.8297 

•7373 

.8676  .9163 

.9621  1  1.0913 
.96461  1.0850 

-0379 

30 

0.8290 

0.7447 

40 

•6777 

.8311 

•7353 

.8665  ,  .9217 

•0354 

20 

0.8261 

0.7476 

SO 

.6799 

.8324 

•7333 

.8653  ,  .9271 

.9671  i  1.0786 

.0329 

10 

0.8232 

0.7505 

43^*00' 

.6820 

9.8338  1 

•73M 

9.8641  1  .9325 

9.9697  1.0724 

0.0303 

47*^00' 

0.8203 

0.7534 
0.7503 

10 

.6841 

.8365 
.8378 

.7294 

.8629  ,  .9380 

.9722  !  1. 0661 

.0278 

50 

0.8174 

20 

.6862 

.7274 

•8618  1  .9435 

-9747  10599 

•0253 

40 

0.8145 

0.7592 
0.7621 

30 

.6884 

•7254 

.8606  <  9490 

.9772  1.0538 

.0228 

30 

0.81 16 

40 

•6905 
.6926 

.8391 

•7234 

•8594  i  -9545 
.8582  i  .9601 

.9798  [  1.0477 

.0202 

20 

0.8087 

0.7650 

50 

.8405  1 

.7214 

.9823  ,  1. 041 6 

.0177 

10 

0.8058 

0.7679 

44O00' 

.6947 

9.8418  1 

■7193 

9.8569  ]  .9657 

9.9848  1  1.0355 

0-0152 

46*00' 

a8o29 

0.7709 

10 

.6967 

.8431 

.7173 

.8557  ,  •9713 

.9874  1  1.0295 

.0126 

50  1  0.7999  1 

0.7738 
0.7767  1 

20 

.6988 

.8444  1 

.7153 

-8545  '  9770 

.98991  1.0235 
.99241  1. 01 76 

.0101 

40   0.7970 

30 

.7009 

.8457  1 

im 

.8532  .9827 

.0076 

30  ,0.7941 

0.7796 

40 

.7030 

.8469  1 

.7112 

.8520  .9884 

.99491  1.0117 

•005 1 

20  '  0.7912 

0.7825 

50 

.7050 

.8482 

.7092 

.8507  1  .9942 

•9975 

1.0058 

.0025 

10 

0.7883 

0.7854  1 

45**oo' 

.7071 

9.8495  ^ 

7071 

9.8495  1. 0000 

0.0000 

1. 0000 

0.0000 

45^00' 

0.7854 

1 

Nat. 

Log.  , 

Nat 

Log. 

Nat. 

Log 

Nat. 

Log. 

CO 

Wu 
0 

5^ 

COSINES   1 

1 

SINES. 

COTAN- 
GENTS 

TANGENTS. 
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CIRCULAR  (TRIGONOMETRIC)  FUNCTIONS. 
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1  "" 

Q 

< 

O.OO 

SINES. 

COSINES. 

TANGENTS 

COTANGENTS. 

C/2 

Qi 
C 

Q 

Nat. 

Log. 

Nat. 

Log. 

Nat.   . 

Log. 

Nat. 

Log. 

0.00000 

—  00 

1. 00000 

0.00000 

—  00 

—  00 

00 

QO 

oo°oo' 

.02 

.03 
.04 

.01000 
.02000 
.03000 

•03999 

7-99999 
8.30100 

.47706 
.60194 

0.99995 
.99980 

•99955 
.99920 

9.99998 
.99965 

0.0 1 000 
.02000 
.03001 
.04002 

8.00001 
.30109 

.47725 
.60229 

99.997 
49-993 
33-323 
24.987 

1.99999 
.69S9I 

.52275 

.39771 

0034 

01  09 

01  43 

02  18 

.07 
.08 
.09 

0.04998 
.05996 
.06994 
.07991 
.08988 

8.69879 

.77789 

•84474 
.90263 

•95366 

0.99875 
.99820 

.99595 

• 
9.99946 
.99922 
.99894 
.99861 
.99824 

0.05004 
.06007 
.0701 1 
.08017 
.09024 

8^69933 
•77867 
.84581 
.90402 
•95542 

19.983 
16.647 

14.262 

12.473 
11.081 

1.30067 

•22133 
•I5419 
•09598 
.04458 

02^52' 

03  26 

04  01 

0435 
0509 

0.10 
.11 
.12 

•13 
.14 

0.09983 
.10978 
.11971 
.12963 

•13954 

8.99928 

9.04052 

.07814 

.11272 

.14471 

0.99500 

.99396 
.99281 
.99156 
.99022 

9.99782 

•99737 

•99632 
•99573 

0.10033 
.1104(1 
.1 205^1 

•13074 
.14092 

9.00145 

.04315 
.08127 

.11640 

.14898 

9.9666 
9.0542 

7.6489 
7.0961 

0.99855 
•95685 

.'88360 
.85102 

05«44' 

06  18 

0653 

07  27 
0801 

0.15 
.16 

.18 
.19 

0.14944 
.15932 
.16918 

•«7903 
.18886 

9.17446 
.20227 
.22836 
.25292 
.27614 

0.98877 

•98723 
.98558 
.98384 
.98200 

9.99510 

•99442 

•99369 

•99293 
.99211 

0.1 51 14 

.17166 
.18197 
.19232 

9.17937 

.20785 

.23466 
.26000 
.28402 

6.6166 
6.1966 
5.8256 
5-4954 
5-1997 

0.82063 
.79215 

.76534 
.74000 

.71598 

08O36 

09  10 
ocf44 

10  19 

1053 

0.20 
.21 
.22 

•23 
.24 

0.19867 
20846 
.2182' 
.2279^ 
•23770 

9.29813 
.31902 

.33891 
•35789 
•37603 

0.98007 
•97803 
•97590 
.97367 
•97134 

9.99126 
•98737 

0.20271 
.21314 
.22362 

.23414 
.24472 

9.30688 

.32867 

•34951 
.36948 

4.9332 
4.6917 
4.4719 
4.2709 
4.0864 

0.69312 

•67133 
.65049 

.63052 

.61134 

1 1<»28' 

12  02 

12  36 

13  " 
1345 

•27 
.28 

.29 

a 24740 
.25708 
.26675 
.27636 
.28595 

9.39341 
.41007 
.42607 
.44147 
.45629 

0.96891 

.96639 
•96377 
.96106 

.95824 

9.98628 

.98515 

.98397 

•98275 
.98148 

0.25534 
.26602 

.27676 

.28755 
.29841 

9.407 1 2 
.42491 
.44210 

.45872 
.47482 

.   3.9163 
37592 
3-6133 
3.4776 

3-35 » I 

0.59288 

•57509 
•55790 
.54128 
.52518 

14^19' 

M  54 
15  28 

1S03 
1637 

0.30 
•3' 

•33 
•34 

0.29552 
.30506 

•31457 
.32404 

•33349 

9.47059 
.48438 

•49771 
.51060 

•52308 

0.95534 

•95233 
.94924 

.94604 
.94275 

9.98016 

•97879 

•97737 

•9759' 
.97440 

0.30934 
•32033 
•33139 
•34252 

•35374 

9.49043 
•50559 
.52034 

•53469 
.54868 

3.2327 
3.1218 

3.0176 

2.9195 

2.8270 

0.50957 
.49441 
.47966 

•4653' 
.45132 

I7°ii' 

17  46 

18  20 
1854 
1929 

•39 

0.34290 

•35227 
.36162 

•37092 
.38019 

.56928 
.58000 

0.93937 
•93590 

•93233 
.92866 

.92491 

9.97284 
•97123 

.96786 
.96610 

0.36503 

.37640 

•38786 

•39941 
.41105. 

956233 

•57565 
.58^68 

.60142 

•61390 

2.6567 

2.5782 

2.5037 
2.4328 

0.43767 

•42435 
.41132 

.39858 
.38610 

20*03' 
2038 
21  12 

21  46 

22  21 

■ 

0.40 
.41 
.42 

•43 
•44 

0.38942 
.39861 
.40776 
.41687 

•42594 

9.59042 
.60055 
.61041 
.62000 

•62935 

0.92106 
.91712 

•91309 
.90897 

•90475 

9.96429 
.96243 
.96051 

•95855 
•95653 

0.42279 

•43463 

.44657 
.45862 

•47078 

9.62613 
.63812 
.64989 
.66145 
.67282 

2.3652 
2.3008 

2.2W 
2.1804 
2.1241 

0.37387 
.36188 

.35011 

•33855 
.32718 

22®55' 

23  29 

24  04 

2438 
2513 

0.45 
.40 

.48 
•49 

0.43497 

•44395 
.45289 

.46178 

.47063 

963845 
•64733 
•65599 
•66443 
.67268 

0.50045 
.89605 
.89157 
.88699 
.88233 

9.95446 

•95233 
•9501 5 
.94792 
•94563 

0.48306 

•49545 
•50797 
.52061 

•53339 

9.68400 
.69500 

.70583 
.71651 

.72704 

2.0702 
2.0184 
1.9686 
1.9208 
1.8748 

0.31600 
.30500 
.29417 
.28349 
.27296 

25^47' 

26  21 

26  56 

27  30 

28  04 

050 

0.47943 

9.68072 

0.87758 

9.94329 

0.54630 

9-73743 

1.8305 

0.26257 

28°39' 
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Table  iS  ic^niunud). 
CIRCULAR  (TRIGONOMETRIC)  FUNCTIONS. 


'& 

< 

< 

0.50 

•51 
•52 

•53 
•54 

SINES. 

COSINES. 

TANGENTS 

COTANGENTS. 

CO 

01 

OS 
Q 

Nat. 

Log. 

• 

Nat 

Log. 

NaL 

Log. 

Nat. 

Log. 

0.47943 
.48818 

.496S8 

•5PS53 
.5»4i4 

9.68072 
.68858 
.69625 

•70375 
.71108 

0.87758 
.87274 
.86782 
.86281 
.85771 

9-94329 
•94089 

•93843 
•93591 
•93334 

0.54630 

•55936 
.57256 

.58592 

•59943 

973743 
•74769 
.75782 

.76784 
•77774 

1.8^5 
.7878 
.7465 
.7067 
.6683 

0.26257 

.25231 
.24218 

.23216 

.22226 

28^39' 

29  13 
2948 

30  22 

3056 

0.55 
•56 

.58 
•59 

0.52269 

•53«J9 

•53963 
.54802 

•55636 

9.71824 
.72525 
.73210 
•73880 
.74536 

0.85252 
.84726 
.84190 
.83646 
.83094 

9-93071 
.92801 

.92526 

.92245 

•91957 

o.6nii 
.62695 
.64097 
.65517 
.66956 

9.78754 

.80684 
.8r635 
.82579 

1. 63 10 
.5950 
.5601 
•5263 
•4935 

0.21246 
.20277 
.19316 
.18365 
.17421 

3i''3i'  1 
3205 

32  40 

33  14 
3348 

0.60 
.61 
.62 

.64 

0.56464 

.57287 
.58104 

.58914 
.59720 

9-75>77 
.75805 

.76420 

.77022 

.77612 

O.825U 
.81965 
.81388 
.80803 
.80210 

9.91663 

•91363 
.91056 

•90743 
.90423 

0.68414 
.69892 

7 1 391 
.72911 

•74454 

9.83514 
.84443 

!8628o 
.87189 

1. 461 7 
•4308 
•4007 

•3715 
•3431 

0.16486 

.14636 
.13720 
.12811 

34*^23' 
34  57 

3606 
3640 

•69 

0.60519 
.61312 
.62099 
.62879 
.63654 

9.78189 

.78754 
•79308 

.80382 

•777S7 
•77>25 

9.90096 
.89762 
.89422 

.89074 
.88719 

0.76020 
.77610 
.79225 
.80866 
.82534 

9.88093 
.88992 
.89886 

•90777 
.91663 

.2622 
.2366 
.2116 

O.I  1907 
.11008 
.10114 
.09223 

•08337 

37°i5' 
37  49 

3858 
3932 

0.70 

.71 

.72 

•73 
•74 

0.64422 
.6518' 

.67429 

9^80903 
.81414 
.81914 
.82404 
.82885 

0.76484 

.75836 
.75181 

•74517 
.73847 

.87611 
.87226 
.86833 

0.84229 

•85953 
•87707 
.89492 

•9*309 

9.92546 
.93426 

•94303 
.95178 

.96051 

1.1872 
.1634 
.1402 
.1174 
.0952 

0.07454 
.06574 
.05697 

.04822 

.03949 

40<»o6'i 
4041 

4>  '5 

41  50 

42  24 

'77 
.78 

.79 

0.68164 
.68892 
.69614 
.70328 
.71035 

9-83355 
.83817 
.84269 

.84713 
•85147 

P.73'69 
.72484 

.71791 

.71001 

•70385 

986433 
.86024 

.85607 

.85182 

.84748 

0.93160 

•95045 
.96967 

.98926 

1.0092 

9-96923 

•97793 
.98662 

9-9953I 
0.00400 

1.0734 
.0521 

•0313 
1. 0109 

0.99084 

0.03077 

.02207 

.01338 

.00469 

9.99600 

42*58' 

43  33 
4407 

44  41 

45  J6 

0.80 
.81 
.82 

.84 

0.71736 
.72429 

•73"  5 
.73793 
.74464 

9.85573 

!864O0 
.86802 
.87195 

0.69671 
.68950 
.68222 
.67488 
.66746 

9.84TO5 

.83853 

•83393 
.82922 

.82443 

1.0296 

.0505 
.0717 

.0934 
.1156 

0.01268 
.02138 
.03008 

.03879 
.04752 

0.97 1 21 

•95 '97 
•93309 
.91455 
•89635 

9.98732 

.97862 

•96992 

.96121 

.95248 

4f5o' 
4625 

4659 

47  33 
48*08 

0.85 
.86 
.87 
.88 
.89 

0.75128 
.75784 
.76433 

•  .77074 
.77707 

9.87580 

.87958 
.88328 

.88691 
.89046 

0.65998 
.65244 
.64483 

•63715 
.62941 

9.81953 
.81454 
.80944 
.80424 

.79894 

.1010 

.1853 
.2097 

.2346 

0.05627 
.06504 

.07384 
.08266 

•09153 

0.87848 
.86091 

m 

.80998 

9-94373 
.93496 
.92616 

•91734 
.90847 

48*42' 
49  16 

49  S' 
5025 

51  00 

0.90 

•91 
•92 
•93 
•94 

0.78333 
•78950 
.79560 
.80162 
.80756 

989394 

•89735 
.90070 

.90397 
.90717 

0.62 161 

.61375 
.60582 

•59783 
•58979 

979352 
.78799 
.78234 
.77658 
.77070 

1.2602 
.2864 

■3^33 
•3409 
•3692 

0.10043 

.10937 
.11835 

•12739 
.13648 

0.79355 

.76146 
.74578 
•73034 

.88165 
.87261 

.86352 

51 V 

52  08 

5243 

53  17 
53  5' 

0.95 

•97 
.98 
•99 

0.81342 
.81919 
.82489 
.83050 
.83603 

9.91 03 1 

•91339 
.91639 

•91934 
.92222 

0.58168 

•57352 
•56530 

.55702 

.54869 

9.76469 

•75855 
.75228 

•74587 
'73933 

1.3984 
.4284 

.4592 

.4910 

•5237 

0.14563 
.15484  1 
.16412 

•'Z^17 
.18289 

0.7 1 51 1 
.70010 

.68531 
.67071 

.65631 

9.85437 

.84516 

.83588 

.82653 

.81711 

54*26' 
5500 

55  35 
5609 

5643 

1.00 

0.84147 

9.92504 

0.54030 

973264 

'•5574 

0.19240 

0.64209 

9.80760 

57*18' 
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Table  16  {ccfUtMued), 
CIRCULAR  (TRIGONOMETRIC)  FUNCTIONS. 
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— r- 

< 

Q 


I.OO 
.01 
.02 

•03 
.04 

1.05 
.06 
.07 
.08 
.09 

1. 10 

.II 

.12 

•>3 

.14 

•17 
.18 

.19 

1.20 
.21 
.22 

•23 
.24 

1.25 
.20 
.27 
.28 
.29 

1.30 

•31 
•32 
•33 
•34 

1.35 
.36 

.38 
•39 

1.40 
.41 

.42 

•43 
•44 

'•45 
.46 

•47 
48 

.49 
1.50 


SINES. 

COSINES. 

TANGENTS. 

COTANGENTS. 

(/3 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

0.84147 
.84683 
•85211 

•85730 
.86240 

9.92504 
.92780 

•93049 
•93313 
•93571 

0.54030 
.53186 

•52337 
.51482 

.50622 

973264 
.72580 
.71881 
.71165 

•70434 

'•5574 

.6281 
.6652 
.7036 

0.19240 
.20200 
.21160 
.22148 

•23137 

0.64209 
.62806 
.61420 
.60051 

•58699 

9.80760 
.79800 
.78831 
.77852 
•76863 

57«i8' 

57  52 
5827 
5901 

59  35 

0.86742 
.87236 
.87720 
.88196 
.88663 

9^93823 
.94069 

.943  »o 

•94545 
•94774 

0.49757 
.48887 

.48012 

•47133 
.46249 

9.69686 
.68920 

.68135 
•67332 
.66510 

1.7433 
.7844 
.8270 

.8712 
.9171 

0.24138 
.25150 
.26175 
.27212 
.28264 

0.57362 
.56040 

.54734 
•53441 
.52162 

9.75862 
.74850 

.73825 
.72788 

•71736 

6o°io' 
6044 
61  18 

61  53 

62  27 

0.891 2 1 
.89570 
.90010 
.90441 
•90863 

9.94998 
.95216 

•95429 
.95637 
•95839 

0.45360 
.44466 
•43568 
.42666 

•41759 

9.65667 
.64803 

•63917 
.63008 

•62075 

1.9648 

2.0143 

.0660 

.1198 

•1759 

0.29331 
.30413 

.32628 
•33763 

0.50897 

•49644 
.48404 

•47175 
•45959 

9.70669 

•^587 
.68488 

•67372 
.66237 

63^02' 

6336 

64  10 

6445 

65  19 

0.91276 
.91680 

•92075 
.92461 

•92837 

9.96036 
.96228 
.96414 

•96596 
•96772 

0.40849 
•39934 

•39015 
.38092 
.37166 

9.61 1 18 
.60134 

•59123 
.58084 
.57015 

2.2345 
.2958 
.3600 

•4273 
■4979 

0.34918 

•36093 

•37291 
.38512 

•39757 

0.44753 
43558 

•42373 
.41199 

.40034 

9.65082 

•63907 
.62709 

.61488 

•60243 

65*^53' 
6628 
67  02 

67  37 

68  11 

0.93204 

■93562 
.93910 
.94240 
•94578 

996943 
.97110 

•97271 
.97428 

•97579 

0.36236 

•35302 

•34365 
.33424 
•32480 

9559»4 
.54780 
.53611 
.52406 
.51161 

2.5722 
.650^ 
•7328 
.8198 
.9119 

0.41030 

.45022 
.40418 

0.38878 

•37731 
•36593 
•35463 
•34341 

9.58970 
.57670 
.56340 
•54978 
•53582 

68*45' 

69  20 

6954 

70  28 

71  03 

0.94898 
.95209 
•95510 
.95802 
.96084 

9.97726 
.97868 
.98005 

.98137 
.98265 

0.3 '532 
.30582 

.20628 

.28672 

.27712 

9-49875 
.48546 

.47170 

•45745 
.44267 

3.0096 

.2236 

•3413 
.4672 

0.47850 
•49322 

•50835 
•52392 

•53998 

0.33227 
.32121 

.31021 

.29028 

.28842 

9-52150 
.50678 
.49165 
47608 
.46002 

7i°37' 

72  12 

7246 

73  20 

73  55 

• 

0.96356 
.96618 
•96872 
.97115 

•97348 

9.98388 
•98506 
.98620 
.98729 

•98833 

0.267  qo 

•^5785 
.2481^ 

.23848 

.22875 

9.42732 
•41 137 
.39476 

.37744 
•35937 

3.6021 

.7471 

•9033 

4.072^ 

.2556 

0.55656 

•57369 
•59»44 

'.6^96 

0.27762 
.26687 
.25619 
.24556 
•23498 

9.44344 
.42631 

.40856 

.39016 

•37104 

74^29' 

7503 

7538 
76  12 

7647 

0.97572 
.97786 

•97991 
.98185 

•98370 

998933 
.99028 

.99119 

•99205 
.99286 

0.21901 
.20924 

.19945 
.18964 

.17981 

9.34046 
.32064 

•29983 

•27793 
.25482 

4.4552 
.6734 
•91 3 1 

5-1774 
.4707 

0.64887 
.66964 

•69135 
.71411 

•73804 

0.22446 

.21398 

•20354 

.i93'5 
.18279 

9-35"3 
.33036 
.30865 
.28589 
.26196 

77«2i' 

77  55 
7830 
7904 
7938 

0.98545 
.98710 
.98865 
.99010 
.99146 

999363 
•99436 
.99504 
.99568 
.99627 

0.16997 
.16010 
.15023 

.14033 
.13042 

9.23036 
.20440 
.17674 
.14716 
.11536 

5-7979 
6.1654 

6.581 1 

7-0555 
7.6018 

0.76327 

.78996 
.81830 

.84853 
.88092 

0.17248 
.16220 

•1519s 
.14173 
•»3i55 

9.23673 
.21004 

.18170 

.15147 
.11908 

8o*»i3' 

8047 
81  22 

81  56 

8230 

0.99271 

•99387 
.99492 

•99588 

.99674 

9.99682 

•99733 

•99779 
.99821 

.99858 

0.12050 
.11057 
.10003 
.09067 
..08071 

9.08100 
.04364 
.00271 

8.9S747 
.90692 

8.2381 
8.9886 

9.8874 
10.983 

'2.350 

0.91583 

•95369 

•99508 

1 .04074 

.09166 

0.12139 
.11125 
.10114 
.09105 
.08097 

9.08417 
.04631 
.00492 

8.95926 
•90834 

83005' 

8339 
8413 

84  48 

85  22 

0.99749 

9.99891 

0.07074 

8.84965 

14.101 

1.14926 

0.07091 

8.85074 

85^57' 
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Tables  15  {continued)  and  16* 
CIRCULAR  FUNCTIONS  AND  FACTORIALS. 
TABLE  15  {contimied),  —  Oinmlar  (Txlfonomfltrlo)  FnnctloiiB. 


(A 

< 

Q 

< 

SINES. 

COSINES. 

TANGENTS 

COTANGENTS. 

Nat.            Log 

Nat.             Log 

Nat.            Log. 

Nat.            Log. 

1.50 

•51 
•52 
•53 
•54 

% 

.59 
1.60 

0.99749     9-99891 
.99S15       .99920 

.99871        .99944 
.99917        .99964 
.99953       -99979 

0.99978    9-9999^ 

0.99994    9-99997 
I  .OOOOO    0.00000 

0.99996  999998 
0.99982  999992 

0.99957  9.99981 

0.07074     8.84965 
.06076       .78361 
.05077        .70565 
.04079       .61050 
.03079       .48843 

0.02079     8.31796 

.01080     8.03327 

.00080     6.90109 

-.00920     7.9639611 

-.01920     8.2833611 

-0.02920     8.4653811 

14.IOI      1. 14926 
16.428        .21559 
19.670       .29379 
24.498       .38914 
32.461        .51136 

48.078     1. 68 1 95 

92.621     1.9667 1 

1255.8        3.09891 

108.65       2.03603 

52.067     1. 7 1 656 

34.233     1.53444 

O.07OQI     8.85074 
.06087        .78441 
.05084       .70621 
.04082       .61086 
.03081        .48864 

0.02080     8.31805 

.01080     8.03329 

.00080     6.90109 

-.00920    7.96397n 

-.01921     8.2834411 

-0.02921     8.4655611 

85057' 

8631 

8705 

87  40 

88  14 

88«49' 
8923 
8957 

90  32 

91  06 

9i«4o' 

90°="  1.570  7963  radians. 


TABLE  16.^-Lo;aritbmio  Factorials. 

Logarithms  of  the  products  1.2.3 *»»  «  from  i  to  100. 

See  Table  18  for  Factorials  i  to  20. 
See  Table  32  for  log.  V  (n+i),  values  of  n  between  i  and  2. 


n. 

1 

log  («.0 

n. 

26 

log  («.0 

H. 

51 

log  («/) 

n. 

76 

■ 

log  {n!) 

0.000000 

26.605619 

66. 1 9064  j 
67.906640 

1 1 1.275425 

2 

0.301030 

27 

28.056983  1 

52 

71 

II3.161916 

3 

0.7781 51 

28 

29.4B4141 

53 

69.630924 

78 

1 1 5.05401 1 
1 16.051638 

4 

1.3802 1 1 

29 

30.946539 

54 

71.363318 
73.103681 

Z9 

5 

2.0791 8 1 

30 

32.423660 

55 

80 

118.854728 

6 

2.857332 

31 

33-915022 

56 

74.851869 

81 

120.763213 

7 

3.702431 

32 

35.420172 
36.938686 

57 

76.607744 

82 

122.677027 

8 

4.605521 

Z?> 

58 

78.371172 

^J 

124.596105 

9 

5.559763 

34 

38.470165  1 

59 

80.142024 

84 

126.520384 
128.449803 

10 

0559763 

35 

40.014233 

60 

81.920175 

85 

11 

7.601 1 56 

36 

41.570535 

61 

83.705505 
85.497896 

86 

130.384301 
132.327821 
134.268303 
136.217693 

12 

8.680337 
9.794280  1 

37 

43-138737 

62 

87 

'3 

3« 

44.718520 

63 

87.297237 

^ 

14 

10.940408 

39 

46.309585 

64 

89.103417 

89 

15 

1 2.1 16500 

40 

47.91 1645 

65 

90.916330 

90 

I38.171936 

16 

13.320620 

41 

49.524429 

66 

92.735874 
94.561949 

91 

140.130977 

17 

14.^51069  1 
15.806341 

42 

51.147678 

67 

92 

142.094765 
144.063248 

18 

43 

52.781147  1 

68 

96.394458 

93 

19 

17.085095 
18.386125  1 

44 

54.424^99 

69 

98.233307 

94 

146.036376 

20 

45 

56.077812  1 

70 

100.078405 

95 

148.014099 

21 

19.708344 

46 

57.740570  ' 

71 

101.929663 

96 

149-996371 

22 

21.050767 

^1 

59.412668 

72 

103.786996 

97 

151.983142 

23 

22.412494  1 

48 

61.093909 

73 

105.650319 

98 

153.974368 

24 

23792706 

49 

62.784105 

74 

^07.5^9550 

99 

155.970004 

25 

25.190646 

50 

1 

64.483075 

'^ 

109.394612 

1 

100 

1 57.970004 
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HYPERBOLIC  FUNCTIONS. 
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sinh.  u 

cosh,  u 

Uuh.  u 

coth.  u 

gd    u 

1 
1 
1 

u 

Nat. 

Log. 

Nat. 

Log. 

Nat 

Log^ 

Nat. 

Log. 

1 
0.00 
.01 
.02 

•03 
.04 

0.00000 
.01000 
.02000 
.03000 
.04001 

—  00 
8.00001 
.30106 

.47719 
.60218 

1.00000 
.00005 
.00020 
.00045 

.oooSo 

0.00000 
.00002 
.00009 
.00020 
■00035 

0.00000 
.01000 
.02000 
.02999 

00 

7-99999 
8.30097 

.60183 

00 

100.003 
50.007 

33.343 
25.013 

00 

2.00001 

1.69903 
1.52101 

>-398i7 

oo^oo' 

0  34 

1  09 

1  43 

2  17 

.07 
.08 

•09 

0.05002 
.00004 
.07006 
.08009 
.09012 

8.69915 
.77S41 
•84545 
•90355 
•95483 

I.OOI25 
.00180 
.00245 
.00320 
.00405 

0.00054 
.00078 
.00106 
.00139 
.00176 

0.04996 

.0798:; 
.08976 

8.69861 

.84439 
.90216 

•95307 

20.017 
16.687 

14.309 
12.527 

II.141 

1.30139 
.22237 

.15561 

.09784 

•04693 

2  52 

3  26     i 

4  00 

4  35 

5  09 

0.10 
.11 

.12 

•13 
.14 

O.IOOI7 
.11022 
.12029 

•^3037 
.14046 

9.00072 
.04227 
.08022 
.11517 

•«4755 

1.00500 
.00006 
.00721 
.00846 
.00982 

000217 
.00262 
.00312 
.00366 
.00424 

0.09967 
.10956 

•II943 
.12927 

•13909 

8.99856 

903965 
.07710 

.11151 
.14330 

10.0333 
9.1275 

7.7356 
7.1895 

1. 00 144 

0.96035 

.92290 

.$8849 

.85670 

543 
6  17 

6  52 

7  26     1 

8  00     ; 

0.15 
.10 

•17 
.18 
.19 

.17082 
.18097 
.19115 

9.17772 
.20597 

.23254 
.2^702 

.28136 

I.OII27 
.0128' 
.OI44^ 
.01624 
.01810 

0.00487 

.00554 
.00625 

.00700 

.00779 

0.14889 
.15865 
.16838 
.17808 
.18775 

9.17285 
.20044 
.22629 
.25062 

.27357 

6.7166 
6.3032 

5.9389 
5.6154 
53263 

0.82715 

•79956 
•77371 
.74938 
.72643 

8  34 

9  08 

9  42 
10  15     ' 
10  49 

0.20 
.21 
.22 

•23 

•24 

1 

0.20134 
.21155 
.22178 
.23203 
.24231 

9.30392 
•32541 
.34592 
•36555 
•38437 

1.02007 
.02213 
.02430 
.02657 

.02894 

• 

0.00863 
.00951 
.01043 
.01139 
.01239 

0.19738 
.20697 
.21652 
.22603 
•23550 

9.29529 

•31590 

■33549 
•35416 

•37198 

5.0665 

4.8317 
4.6186 

4.4242 
4.2464 

0.70471 
.68410 
•66451 
.64584 
.62802 

II  23 

11  57 

12  30 

13  04 

13  Zl 

1 

0.25 

.20 

.28 
.29 

0.25261 
.20294 
.27329 
.28367 
.29408 

9.40245 
.419S6 

■43663 
.45282 

.46847 

I.03141 

.03399 
.03667 

.03946 
.04235 

0.01343 

.01452 
.01564 
.01681 
.01801 

0.24492 

.27291 
.28213 

9.38902 

.40534 
.42099 

.43601 

.  .45046 

4.0830 
3.9324 
3.7933 
36643 
35444 

0.61098 
.59466 
.57901 

.56399 
•54954 

14  II 

14  44 

15  17 

15  50 

16  23 

0.30 

•31 
•32 

•33 
•34 

0.30452 

•3U99 

•32549 
.33602 

•34659 

9.48:62 
.49830 
•51254 
.52617 
•53981 

1.04534 

.04844 

.05164 

•05495 
.05836 

0.01926 
.02054 
.02187 

.02323 
.02463 

0.291 3 1 
.30044 

.30951 
.31852 

.32748 

9.46436 

.47775 
.49067 

•50314 
.51518 

34327 
.3285 
.2309 
•1395 
.0530 

0.53564 

.52225 

.49686 
.48482 

16  56 

17  29 

18  02 

18  34 

19  07 

0.35 
•36 

!     -39 

0.35719 
.36783 
.37850 
.38921 

•39996 

955290 
.56564 
.57807 
.59019 
.60202 

1. 06188 
.06550 
.06923 

.07307 
.07702 

0.02607 
.02755 
.02907 
.03063 
.03222 

0.33638 
•34521 

■35399 
.36271 

•37136 

9.526S2 
.53809 

■54899 

2.9729 

.8249 

.7570 
.6928 

0.47318 
.46191 
.45101 

•44044 
.43020 

19  39 

20  12 

20  44      • 

21  16 

21  48      , 

i 

0.40 
.41 

;    .42 

•43 
•44 

0.41075 
.42158 
.43246 

•44337 
•45434 

•63594 
.64677 
•65738 

1. 08 107 
.08523 
.08950 
.09388 

.09837 

0.03385 
•03552 

■03723 
.03897 

•04075 

0.37995 
.38847 

.39693 
•40532 
.41364 

9-57973 
•58936 
.59871 
.60780 
.61663 

2.6319 
.5742 

•5J93 
.4672 

4175 

0.42027 
41064 
.40129 
.39220 
.38337 

22   20 

22  52 

23  23 

23  55     ! 

24  26 

0.45 
.46 

■47 
.48 

.49 

0.46534 
.47640 
.48750 
.49865 
.50984 

9.66777 
•67797 
.68797 
•69779 
.70744 

1. 102970 
.10768 
.11250 

."743 
.12247 

.04256 
.04441 
.04630 
.04822 
.05018 

0.42190 
.43008 
.43820 
.44624 
.45422 

9.62521 

.64167 

.64957 
•65726 

2.3702 

.3251 
.2821 

.2409 

.2016 

0.37479 
.36645 
.35833 
•35043 
•34274 

24  57 

25  28 

25  59 

26  30 

27  01     , 

1  0.50 

0.52 1 10 

9.71692 

1. 1 2763 

0.05217 

0.46212 

9.66475 

2.1640 

0.3352s 

m 

27  3t 

1 
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TaBUE    17  {continued). 
HYBERBOLIC  FUNCTIONS. 


1 

1 

•inl 

i.  u 

cosh,  u 

tanh.  u 

ooth.  tt 

• 

gd  u 

u 

1 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

'  0.50 
'  •SI 

•52 

•53 
•54 

0.521 10 
.53240 
•54375 

ml 

9.71692 
.72624 

.73540 
.74442 

•75330 

I.I  2763 
.13289 
.13827 

.14377 
.14938 

0.05217 
.05419 
.05625 
•05834 
.06046 

0.46212 

.46995 
.47770 

.48538 
•49299 

9.66475 
.67205 

.67916 

.68608 

.69284 

2.1640 
.1279 

.0934 
.0602 

.0284 

0.33525 

.32795 
.32084 

.31392 
.30716 

27^31' 
28  02   1 

28  32 

29  02 
2932 

1  0  .55 
1  .56 

'  -57 

1  •ss 

i  -59 

0.57815 

.58973 
.60137 
.61307 
.62483 

9.76204 
•77065 

•77914 
.78751 

•79576 

I.155IO 
.16094 
.16690 
.17297 
.17916 

0.06262 
.06481 
.06703 
.06929 
.07157 

0.50052 
•  .50798 

.5"5.36 
.52267 

.52990 

9.69942 

•70584 
.71211 

.71822 

.72419 

1.9979 
.9686 

.9404 

0.30058 
.29416 
.28789 
.28178 
.27581 

30  02 

30  32 

31  01 

31  31 

32  00 

0.60 
.61 
.62 

.64 

0.63665 

.64854 
.66049 
.67251 

.68459 

9.80390 
.81194 
.81987 
.82770 

.83543 

1.18547 
.19189 
.19844 
.20510 
.21189 

0.07389 
.07624 
.07861 
.08102 
.08346 

0.53705 
.54413 
.55113 
.55805 
.56490 

9.73001 

.73570 
.74125 

.74667 

.75197 

1.8620 

.8378 

.8145 
.7919 

.7702 

0.26999 
.26430 

.25875 

.25333 
.24803 

32  20 

32  58 

33  27 

33  55 

34  24 

.69 

1 

0.69675 
.70897 
.72126 

■73363 
.74607 

9.84308 
.85063 
.85809 
.86548 
.87278 

1.21879 
.22582 
.23297 
.24025 
.24765 

0.08593 
.08843 

•09095 

.09351 
.09609 

0.57167 
.57836 

.58498 
.59152 

.59798 

9-75715 
.76220 

.76714 

.77*97 
.77669 

1-7493 
.7290 

:^ 

•6723 

0.24285 
.23780 
.23286 
.22803 
.22331 

34  52 

35  20 

36  44 

1 
0.70 

.71 

,  .72 

•73 
.74 

0.75858 
.77117 
.78384 
.79659 
.80941 

9.88000 
.88715 
.89423 
.90123 
.90817 

1.25517 
.26282 
.27059 
.27849 
.28652 

0.09870 

.10134 
.10401 
.10670 
.10942 

0.60437 
.61068  . 
.61691 
.62307 
.6291 5 

9.78130 
.78581 
.79022 

.79453 
.79875 

1.6546 

-6375 
.6210 

•6050 
•5895 

0.21870 
.21419 
.20978 

.20547 
.20125 

37  " 
37  38 
3805 
3832 
3859 

'"7^ 

'77 
.78 

.79 

0.82232 

•§3530 
.84838 
.86153 
.87478 

9.91504 
.92185 
.92859 

•93527 
.94190 

1.29468 
.30297 

•3"39 
.31994 
.32862 

O.I1216 

."493 

•11773 
.12055 

.12340 

0.63515 
.64108 

.64693 
.65271 

.65841 

9.80288 

!8io86 
.81472 
.81850 

1-5744 

•5599 
.5458 

•5321 
.5188 

0.19712 

.19309 
.18914 

.18528 

.18150 

39  26 

39  52 

40  19 

40  45  1 

41  II  ' 

0.80 
.81 
.82 

•?3 
.84 

0.8881 1 
.90152 

.92863 
•94233 

9.94846 
.95498 
.96144 
.96784 
•97420 

1-33743 
.34638 

•35547 
.36468 

.37404 

0.12627 
.12917 
.13209 

.13503 
.13800 

0.66404 
.66959 

.67507 
.68048 

.68581 

• 

9.82219 
.82581 

•f^935 
.83281 

.83620 

1.5059 

•4935 
.4813 

.4696 
.4581 

O.17781 

.17419 
.17065 

.16719 

.16380 

41  37 

42  02  1 

42  28 

42  53 

43  18 

0.85 
.86 

.87 
.88 

.89 

0.95612 
.97000 

.98398 

.99806 

1.01224 

9.98051 

.98677 
.99299 

.99916 

0.00528 

1.38353 
•39316 
.40293 
.41284 
.42289 

0.14099 
.144CO 
.14704 
.15009 

.15317 

0.69107 
.69626 

.70137 
.70642 

.71139 

9-83952 
.84277 

.84595 
.84906 

.85211 

1.4470 
.4362 
.4258 
.4156 
.4057 

0.16048 

-15723 

.15405 
.15094 

.14789 

43  43 

44  08 
44  32  ! 

44  57 

45  21 

0.90 

•91 
.92 

•93 
.94 

1.02652 
.04090 

•05539 
.08468 

0.01137 
.01741 
.02341 
.02937 

•03530 

1.43309 
.44342 

•45390 

.46453 

•47530 

0.15627 

•15939 
.16254 

.16570 
.16S88 

0.71630 
.72113 
.72590 

•73059 
•73522 

9.85509 
.85801 
.86088 
.86368 
.86642 

•3776 

.3687 
.3601 

0.14491 

.14199 
.13912 

.13632 
.13358 

45  45 

46  09 

46  33 

46  56 

47  20 

0-95 
.96 

•97 
t   .98 

!   -99 

1.09948 
.11440 

.12943 
•14457 
•15983 

0.04119 
.04704 
.05286 
.05864 

.06439 

1.48623 
.49729 

•53«4i 

0.17208 

.17531 

.17855 
.18181 

.18509 

0.73978 
.74428 
.74870 

•75307 
.75736 

9.86910 

.87173 
.87431 
.87683 
.87930 

'•3517 
•3436 
•3356 

-3279 
.3204 

0.13090 
.12827 
.12569 
.12317 
.12070 

48  06 
48  29 

48  51 

49  '4 

1 

1  I.OO 

1 
1 

1.17520 

0.0701 1 

1.54308 

0.18839 

0.76159 

9.88172 

1-3130 

0.1 1 828 

49  36 

1 
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tinh.  1 

1 

cosh,  u 

tanh.  u 

coth  u 

J 

a 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

go  u 

1 

1 

1 

1.00 

.OI 
.02 

•03 
.04 

1.17520  0 
.19069 
.20630 
.2220", 
.23788 

.0701 1 
.07580 
.08146 
.08708 
.09268 

1.54308 

.56689 

.57904 
.59134 

0.18839 
.19171 

.19504 

.19839 
.20176 

0.76159 
•76576 
•76987 
.77391 
.77789 

9.88172 
.88409 
.8S642 
.88869 
.89092 

'•3I30 

.3059 
.2989 

.2921 
.2855 

O.I1828 
.11591 
.11358 
.III31 
.10908 

1 

49036' 

49  58 

50  21 

50  42 

51  04 

.07 
.08 
.09 

1.25386  0 
.26996 
.28619 

.30254 
•31903 

.09825 
.10379 
.10930 
.11479 
.12025 

1.60379 
.61641 
.62919 
.64214 
.65525 

0.20515 
.20855 
.21197 
.21541 
.21886 

O.78181 
.78566 
.78946 

:^^8 

9.89310 
•89524 
.89733 
.89938 
•90139 

1. 279 1 
.2728 
.2667 
.2607 
.2549 

0.10690 
.10476 
.10267 
.10062 
.09861 

51  26 

51  47 

52  08 

52  29 
52  50 

I.IO 

.11 

.12 

.13 

.14 

1.33565  0 

.35240 

•36929 
.38631 
•40347 

.12569 
.13111 

.13649 
.14186 

.14720 

1.66852 
.68196 

•69557 
•70934 
.72329 

0.22233 
.22582 
.22931 
.23283 
.23636 

0.80050 
.80406 

.80757 
.81102 

.81441 

9.90336 
.90529 
.90718 

•90903 
.91085 

•1.2492 

.2437 
•2383 
•2330 
.2279 

0.09664 

.09471 
.09282 

.09097 
.08915 

53  II 
53  31 

53  52 

54  12 
54  32 

.17 
.18 

.19 

142078  0 

.43822 
.45581 

•47355 
.49M3 

.15253 
.15783 
.16311 

.16836 
.17360 

1. 73741 

.75171 
.76618 

.78083 
•79565 

0.23990 

.24346 
.24703 
.25062 
.25422 

0.81775 
.82104 
.82427 
.82745 
.83058 

9.91262 

.91436 
.91607 

•91774 
.91938 

1.2229 
.2180 
.2132 
.2085 
.2040 

0.08738 

.08564 

.08393 
.08226 

.08062 

54  52 

55  II 
55  31 
55  50 
5609 

1.20 
.21 
.22 

•23 
.24 

1.50946  0 

.52764 

•54598 

.56447 
.58311 

.17882 
.18402 
.18920 

.19437 
.19951. 

I.81066 
.82584 
.84121 
.85676 
.87250 

0.25784 
.26146 
.26510 
.26876 
.27242 

0.83365 
.83668 

I3965 
.84258 

.84546 

9.92099 
.92256 
.92410 
.92561 
.92709 

1.1995 
.1952 
.1910 
.1868 
.1828 

0.07901 

.07744 
.07590 

•07439 
.07291 

56  29 

56  47 

57  06 
57  25 
57  43 

1-25 
.20 

.27 
.28 

.29 

1. 60192  0 
.62088 
.64001 

.67876 

.20464 
.20975 
.21485 

.21993 
.22499 

1.88842 

.90454 
.92084 

•93734 
•95403 

0.27610 

.27979 
.28349 

.28721 

.29093 

0.84828 
.85106 
.85380 
.85648 

.85913 

9.92854 
.92996 

•93135 
.93272. 

.93406 

1.1789 

.1750 
.1712 
.1676 
.1640 

0.07146 
.07004 
.06865 
.06728 
.06594 

58  02 
58  20 
5838 

58  55 

59  13 

•3' 
•32 

•33 

.34 

1 

1.69838  0 
.71818 

•73814 
.75828 

,77860 

.23004 

.23507 
.24009 
.24500 
.25008 

1.97091 
.98800 

2.00528 
.02276 
.04044 

0.29467 
.29842 
.30217 

•30594 
.30972 

0.86172 
.86428 
.86678 
.86925 
.87167 

9.93537 
■93665 

•93791 
•939M 
•94035 

1. 1605 
.1570 

•1537 
,1504 

.1472 

0.06463 

.06335 
.06209 

.06086 

.05965 

59  31 

59  48 
6005 

60  22 
60  39 

'•3| 

.38 
•39 

1.79909  0 

.81977 

.84062 

.86166 

.88289 

•25505 
.26002 

.26496 

.26990 

.27482 

2.05833 

.07643 

.09473 
.11324 

.13196 

0.31352 
•31732 
•32113 

.32878 

0.87405 

•87639 
.87869 
.88095 
.88317 

994154 
•94270 

•94384 

•94495 
.94604 

1.1441 
.1410 
.1381 

•135^ 
.1323 

0.05846 

.05730 
.  .05616 

.05505 
.05390 

60  56 

61  13 
61  29 

61  45 

62  02 

1  1.40 
I   -41 

.42 

•43 
.44 

1.90430  0 
.92591 

•94770 
.96970 
.99188 

.27974 
.28464 
.28952 
.29440 
.29926 

2.15090 
.17005 
.18942 
.20900 
.22881 

0.33262 
•33647 

•34033 
.34420 

.34807 

0.88535 

•88749 
.88960 

.89167 

.89370 

9.94712 
.94817 
.94919 
.95020 
.95119 

.1241 
.1215 
.1189 

0.05288 
.05183 
.05081 
.04980 
.04881 

62  18 
62  34 

62  49 

63  05 
63  20 

'41 

i  .48 
.49 

2.01427  0 

.03686 

.0^965 

.o8"265 
.10586 

.30412 

.30896 

.31379 
.31862 

•32343 

2.24884 
.26910 
.28958 
.31029 

•33«23 

0.35196 

.35585 
•35976 

•36367 
.  .36759 

0.89569 
.89765 

.89958 
.90147 

•90332 

9.95216 

•953" 
•95404 
■95495 
•95584 

1.1165 
.1140 
.1116 
.1093 
.1070 

0.04784 
.04689 

.04596 
.04505 
.04410 

6336 

P   ^i 
64  06 

64  21 
64  36 

1.50 

2.12928  0 

.32823 

2.35241 

0.37151 

0.90515 

9.95672 

1. 1048 

0.04328 

64  51 
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Table  17  {contimud^ 
HYPERBOLIC   FUNCTIONS. 


sint 

• 

1.  u 

cosh,  u 

Unh.  u 

cotb.  u 

1 

I 

u 

gd. 

»     1 

1 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

1.50 

2.12928 

0.32823 

2.35241 

0.37 1 51 

0.90515 
.90694 

9.95672 

1. 1048 

0.04328 

64O 

51' 

•51 

.15291 

'32^?^^^ 

.37382 

•37545 

.95758 

.1026 

.04242 

65 

°5    , 

•52 

.17676 

.33781 

.39547 

•37939 

.90870 

.95842 

.1005 

.04158 

65 

20 

^ 

•53 

.20082 

.34258 

.41736 

•38334 

.91042 

.95924 

.0984 

.04076 

65 

34 

•54 

.22510 

•34735 

.43949 

'2^7ZO 

.91212 

•96005 

•0963 

•03995 

65 

48 

1-55 

2.2/I961 

0.3521 1 

2.46186 

0.39126 

0.91379 

9.96084 

10943 

0.03916 

66 

02    ' 

.56 

.27434 

.35686 

.48448 

•39524 

.91542 

.96162 

.0924 

.03838 

66 

16    1 

•57 

•29930 

.36160 

•50735 

•39921 

•91703 

.96238 

.0905 

.03762 

66 

30 

.58 

.32449 

.36633 

.53047 

.40320 

.91860 

•96313 

.0886 

.03687 

66 

43 

•59 

.34991 

.37105 

•55384 

.40719 

.92015 

.96386 

.0868 

.03614 

66 

57    . 

1 

1.60 

2-37557 

0.37577 

.2.57746 
.60135 

0.41 1 19 

0,92167 

9.96457 

1.0850 

0.03543 

67 

10 

.61 

40146 

.38048 

.41520 

.92316 

.96528 

.0832 

.03472 

67 

24 

.62 

.42760 

.38518 

.62549 

.41921 

.92462 

.96597 

.08115 
.0798 

.03403 
•03336 

67 

37    1 

.63 

.45397 
.48059 

.38987 

.64990 

•42323 

.92606 

.96664 

67 

50 

.64 

•39456 

.67457 

•42725 

•92747 

•96730 

.0782 

.03270 

68 

03    i 

1.65 

2.50746 

0.39923 

2.69951 

0.43129 

0.92886 

.996795 

1.0766 

0.03205 

68 

»5 

.66 
.67 

.50196 

.40^91 
.40857 

.72472 
.75021 

•43532 
■43937 

.93022 

.96858 
.96921 

.0750 
•0735 

.03142 
.03079 

68 
68 

28    , 
41 

.68 

.58959 
.61748 

•^'323 
.41788 

.77596 

•44341 

.96982 

,0720 

.03018 

68 

53 

.69 

.80200 

•44747 

•93415 

.97042 

.0705 

.02958 

69 

°5    . 

1.70 

2.64563 

0.42253 

2.82832 

0.45153 

0.93541 

9.97100 

1.0691 

0.02900 
.02842 

69 

18 

•71 

.67405 

.42717 

•^549' 
.88180 

•45559 
.45966 

.46374 

.93665 
•93786 

.97158 

.0676 

69 

30 

.72 

.7027; 
.73168 
.76091 

.43180 

.97214 

.0663 

.02786 

69 

42    1 

•73 

•43643 

.90897 

.93906 

.97269 

.0649 

.02731 

69 

5*    1 

.74 

.44105 

•93643 

.46782 

.94023 

•97323 

.0636 

.02677 

70 

05    ' 

'■^l 

2.79041 

0.44567 

2.96419 

0.47191 

0.94138 

997376 

1.0623 

0.02624 

70 

1 
17    ' 

.82020 

.45028 

.99224 

.47600 

.94250 

.97428 

.0610 

.02572 

70 

29 

'77 

.85026 
.88061 

.45488 

3.02059 

.48009 

.94361 

.97479 

.0598 

.02521 

70 

40    i 

.78 

.45948 
.46408 

.04925 

.48419 

.94470 

•97529 

•0585 

.02471 

70 

SI 

.79 

.91125 

.07821 

■48830 

•94576 

.97578 

•0574 

.02422 

71 

03    . 

1.80 

2.94217 

0.46867 

3^  10747 

0.49241 

0.94681 

9.97626 

1.05)52 

0.02374 

71 

14 

.81 

•97340 

•47325 

.16694 

.49652 

.94783 

•97673 

.0550 

.02327 

71 

25 

.82 

3.00492 

.47783 

.50064 

.94884 

.97719 

.0539 

.02281 

71 

36 

.83 

.03674 

.48241 

.2276^! 

•50476 

•94983 

•97764 

.0528 

.02236 

71 

46     i 

.84 

.48698 

.50889 

.95080 

.97809 

.0518 

.02191 

71 

57    1 

'•fl 

3.10129 

0.49154 

3.25853 
.28970 

0.51302 

0.95175 
.95268 

9.97852 

1.0507 

0.02148 

72 

08    ' 

.86 

.13403 

.49610 

.51716 

.97895 
.97936 

.0497 

.02105 

72 

18    1 

•87 

.16709 

.50066 

.32.121 

.52130 

.95359 

.0487 

.02064 

72 

29    1 

.88 

.20046 

.50521 

.35305 
.38522 

•52544 

.95449 

.97977 

•0477 

.02023 

72 

39    , 

.89 

.23415 

.50976 

•52939 

•95537 

.98017 

.0467 

.01983 

72 

49    ' 

1 

1.90 

3.26816 

0.51430 
.51884 

3.41773 

0.53374 

0.95624 

9.98057 

1.0458 

0.01943 

72 

59    i 

•91 

.30250 

.45058 

•53789 

•95709 

.98095 

.0448 

.01905 

73 

09 

•92 

•337 18 

.52338 

.48378 

.54205 

•95792 

.98133 

.0439 

.01867 

73 

19    i 

•93 

.37218 

.52791 

•51733 

.54621 

•95873 

.98170 

.0430 

.01830 

73 

29 

.94 

.40752 

.53244 

•55123 

•55038 

•95953 

.98206 

.0422 

.01794 

73 

39    ' 

1 

1-95 

3.44321 

0.53696 

3-58548 

0.55455 

0.96032 

9.98242 

1.0413 

0.01758 

73 

*!  . 

•47923 

.54148 

.62009 

.55872 

.96109 

.98276 

.0405 

.01724 

73 

S8 

•97 

.51561 

.54600 

.65507 

.56290 

.96185 

.98311 

.0397 

.01689 

74 

07 

.98 

.55234 
.58942 

•55051 

.69041 

.56707 

.96259 

.98344 

.0389 

.01656 

74 

17    ' 

•99 

•55502 

.72611 

.57126 

•96331 

■98377 

.0381 

.01623 

74 

26    1 

1 

2.00 

3.62686 

0.55953 

3.76220 

0.57544 

0.96403 

9.98409 

1.0373 

0.01 591 

74 

1 

35 

1 
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HYPERBOLIC  FUNCTIONS. 
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2.00 
.01 
02 

04 


i  2 


2 


07 

o3 
09 

10 
II 
12 

13 

18 
19 

20 
21 
22 

23 
24 

II 

27 
28 
29 

30 
3' 
32 
33 
34 

3 

37 
38 
39 

40 

41 
42 

43 
44 

:i 

47 
48 
49 


2.50 


sinh.  u 


Nat. 


Log. 


3.62686 
.66466 
.7028'J 

74»38 
.78029 

3.81958 
.85926 

.89932 
.93977 
.98061 

4.02186 
.06350 
.io«5 
.14801 
.19089 

4.23419 
.27791 
.32205 
.36663 
.41165 

4.457 1 1 
•5030^ 
.54936 
•59617 
.64344 

4.691 17 

■73937 
.78804 

.83720 
.88684 

4.93696 

.98758 
5.03870 

.09032 
.14245 

5.191510 
.24827 
.30196 
.35618 

•41093 

546623 
.52207 

.57847 
.63542 
.69294 

5.75103 
.80969 

.8689 

.9287 

.98918 


55953 
56403 
56853 
57303 
57753 

58202 
58650 

59099 
59547 
59995 

60443 
60890 

61337 
61784 

62231 

62677 

63123 

63569 
64015 

64460 


0.64905 

.65350 

•65795 
.60240 

.66684 

0.67 1 28 

.67572 
.68016 

.68459 
■68903 

0.69346 

.69789 
.70232 

.70675 

.71117 

0.71559 
.72002 

.72444 

.72885 

'733^7 

0.73769 
.74210 
•74652 

•75093 
•75534 

0.75975 
.76415 
.76856 

.77296 

.77737 


6.05020    0.78177 


cosh. u 


Nat. 


Log. 


tanh.  tt 


3.76220 

.79865 

.83549 
.87271 

.91032 

3.94832 
.98671 

4.02550 
.06470 
.10430 

4.1443I 

.18474 
.22558 
•26685 

•30855 

4.35067 
•39323 
•43623 
■47967 
•52356 

4.56791 
.61271 

.65797 
.70370 
.74989 

4.79657 
.84372 
.89136 
.93948 
.98810 

503722 
.08684 
.13697 
.18762 
.23878 

5.29047 
.34269 

■39544 

•44873 
■50256 

5-55695 
.61 189 

.66739 

.72346 
.78010 

5-83732 
.89512 

-95352 

6.01250 

.07209 


0.57544 
•57963 

.58802 
.59221 

I 
I 

.60482 
.60903 
.61324 

0.61745 
.62167 
.62589 
.6301 1 

.63433 

0.63856 
.64278 
.64701 
.65125 
.65548 

0.65972 
.66396 
.66820 
.67244 
.67668 

0.68093 
.68518 

.68943 
.69368 

.69794 

0.70219 
.70645 
.71071 

.71497 
.71923 

0.72349 
.72776 
.73203 
-73630 
.74056 

0.74484 
.74911 

.75338 
.75766 

.76194 

0.7662 1 
.77049 

'77477 
.77906 

•78334 


Nat 


Log. 


0.96403 

.96473 
.96541 
.96609 

.96675 

0.96740 
.96803 
.9686J 
.96926 
.96986 

0.97045 
.97103 

.97159 

.97215 
.97269 

0.97323 

.97375 
.97426 

.97477 
.97526 

0.97574 
.97622 

.97668 

'977  H 
•97759 

0.97803 
.97846 
.97888 
.97929 
.97970 

0.98010 
.98049 
.98087 
.98124 
.98161 

0.98197 
.98233 
.98267 
.98301 

-98335 

0.98367 
.98400 

•98431 
.98462 

.98492 

0.98522 
.98551 

•98579 
.98&7 

.98635 


9.98409 
.98440 

.98471 
.98502 

•98531 

998560 
•98589 

.98644 
.98671 

9.98697 

•98723 
.98748 

•98773 
•98798 

9.98821 

-98845 
.98868 

.98890 

.98912 

998934 
•98955 

•98975 
.98996 

.99016 

999035 
•99054 

•99073 
.99091 

.99109 

9.99127 
.99144 
.99161 
.99178 

99194 

9i992io 
.99226 
.99241 
.99256 
.99271 

9.99285 

•99299 
•99313 
-99327 
•99340 

9-99353 
.99366 

•99379 
.99391 
•99403 


coth.  u. 


6.13229  0.78762   0.98661  9.99415 


Nat. 


Log. 


1.0373 
.0366 

.0358 

•0351 
.0344 

10337 

■0330 
.0324 

•0317 
.0311 

1.0304 
.0298 
.0292 
.0206 
.0281 

1,0275 
.0270 
.0264 
.0259 
.0254 

1.0249 
.0244 
.0239 
.0234 
.0229 

1.0225 
.0220 
.0216 
.0211 
.0207 

1 .0203 
.0199 
.0195 
.0191 
.0187 

1.0184 
.0180 
.0176 

•0173 
.0169 

1.0166 
•0163 
.0159 
.0156 

•0153 

1. 01 50 

.0147 
.0144 
.0141 
.0138 


0.01 591 
.01560 
•01 529 
.01498 
.01469 

0.01440 
.01411 
.0138 
•0135 
.01329 

0.01303 

.01277 
.01252 
.01227 
.01202 

O.OII79 
.01 1 55 
.01 1 32 

.OHIO 

.01088 

0.01066 
.01045 
.01025 
.01004 
.00984 

0.00965 
.00940 
.00927 
.00909 
.00891 

0.00873 

.00856 
.00839 

.00822 
.00S06 

0.00790 

.00774 

•00759 
.00744 

.00729 

0.00715 
.00701 
.00687 
.00673 
.00660 

0.00647 
.00634 
.00621 
.00609 

.00597 


1. 01 36   0.00585 


gd.  u 


74*^35 
74  44 

74  53 

75  02 
75  " 

75  ao 
75  28 
75  37 

75  45 

75  54 

76  02 
76  10 
76  19 
76  27 
76  35 

76  43 

76  51 

7658 

77  06 
77   14 

77  21 
77  29 
77  36 
77   44 

77   51 

77  58 

78  05 

78  12 

78  19 
78  26 

7833 
78  40 
78  46 

78  53 

79  00 

79  06 
79  13 
79  19 
79  25 
79  32 

7938 
79  44 
79  50 

79  56 

80  02 

80  08 
80  14 
80  20 
80  26 
80  31 

80  37 


Smithsonian  Tables. 


46 


Table    17    {cantiMued), 

HYPERBOLIC   FUNCTIONS. 


sinh.  tt 

cosh,  u 

tanh.  u 

coth.  u 

^j. 

a 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

Log. 

go.  a         1 

1    2.50 

6.05020 

0.78177 

6.13229 

0.78762 

0.98661 

9-99415 
.99426 

1. 01 36 

0.00585 

80° 

1 
37' 

i     SI 

.11183 

.78617 

.19310 

.79191 

.98688 

•0133 

.00574 

80 

42 

•52 

.17407 

.79057 

■m 

.79619 

.98714 

.99438 

.0130 

.00562 

80 

48  J 

•53 

.23692 

.79497 

.80048 

.987^ 

.99449 

.0128 

.00551 

80 

53  ' 

•54 

.30040 

•79937 

•37927 

•80477 

.99460 

.0125 

.00540 

80 

59 

2-55 
.56 

6.36451 
.42926 

°:iS?^ 

6.44259 
.50656 

0.80906 
.81335 

0.98788 
.98812 

9.99470 
.99481 

I.OI23 
.0120 

0.00530 
■00519 

81 
81 

04 
10 

•57 

.49464 

.81256 

.57118 
.63646 

.81764 

•98835 
.988  qJ. 

.99491 

.0118 

,00509 

81 

'5 

.58 

.56068 
.62738 

.81695 

.82194 

.99501 

.0115 

.00499 

81 

1 

20 

•59 

.82134 

.70240 

.82623 

.99511 

.0113 

.00489 

81 

25 

1 

2.60 

6.69473 
.76276 

0.82573 

6.76901 

0.83052 
.83482 

0.98903 

9.99521 

I.OIII 

0.00479 

81 

30  , 

.61 

.83c  1 2 

.83629 

.98924 

•99530 

.0109 

.00470 

81 

35 

.62 

.83146 

.83451 

.90426 

.83912 

.98946 

•99540 

.0107 

.00460 

81 

40 

•63 

.90085 

.83890 

.97292 

.84341 

.98966 

•99549 

.0104 

.00451 

81 

45 

•64 

1 

.97092 

.84329 

7.04228 

.84771 

.98987 

•99558 

.0102 

.00442 

81 

50 

'■% 

7.04169 

0.84768 

7.1 1234 

0.85201 

0.99007 

9.99566 

1. 0100 

0.00434 

81 

55 

.ii3>7 

.85206 

.18312 

.85631 

.99026 

•99575 

.0098 

.00425 

82 

00 

1      67 

.18536 

•85645 
.86083 

.25461 

.8606  r 

•99045 

.99583 

.0096 

.00417 

82 

05 

,     .68 

.25827 

.32683 
.39978 

.86492 

.99064 

•99592 

.0094 

.0040S 

82 

09  1 

!     .69 

•33190 

.86522 

.86922 

•99083 

•0093 

.00400 

82 

14 

2.70 

7.40626 

0.86960 

7.47347 

0.87352 
•SZ783 

O.991OI 

9.99608 

1. 0091 

0.00392 

82 

19 

.71 

.48137 

•  .87398 

.54791 
.62310 

.99118 

.99615 

.0089 

.00385 

82 

*3 

.72 

.55722 

.87836 

.88213 

•99136 

•99623 

.0087 

•00377 

82 

28 

-n 

•63383 

.88274 

•69905 

.88644 

•99153 

•99631 

.0085 

.00369 

82 

32 

'74 

.71121 

.88712 

•77578 

.89074 

.99170 

.99638 

.0084 

.00362 

82 

37 

'■l^ 

7.78935 

0.891 50 
.89588 

7.85328 

0.89505 

0.99186 

9.99645 

1.0082 

0.00355 
.00348 

82 

41    i 

•93157 
8.01065 

.89936 

.99202 

.99652 

.0080 

82 

45   , 

■77 

.94799 

.90026 

.90367 

.99218 

.99659 

.0079 

.00341 

82 

50  ! 

.78 

8.02849 

.90463 

•09053 

•90798 

.99233 
.99248 

.99666 

.0077 

.00334 

82 

55    ! 

•79 

.10980 

.90901 

.17122 

.91229 

•99672 

.0076 

.00328 

82 

58 

2.80 

8.19192 

0.91339 

8.25273 

0.91660 

0.99263 
.99278 

9.99679 

1.0074 

0.00321 

?3 

02 

.81 

.27486 

.91776 

.33506 
.41823 

.92091 

.99685 

•0073 

.00315 

?3 

07 

.82 

.35862 

.92213 

.92522 

.99292 

.99691 

.0071 

.00309 

53 

II 

.83 

.44322 

.92651 
.93088 

.50224 

•92953 
•93385 

•99306 

•99698 

.0070 

.00302 

l^ 

15 

.84 

.52867 

.58710 

•99320 

•99704 

.0069 

.00296 

83 

19 

2.85 
.86 

8.61497 

0.93525 

8.67281 

0.93816 

0.99333 
.9934b 

9.99709 

1.0067 

0.00291 

P 

23 

.70213 

•93963 

•Z5940 

.94247 

•99715 

.0066 

.00285 

?3 

27    1 

.87 

.79016 

.94400 

.84686 

.94679 

•99359 

.99721 

.0065 

.00279 

P 

31 

.88 

.87907 
.96887 

.  .94837 

.93520 

.95110 

.99372 

.99726 

.0063 

.00274 

P 

H 

.89 

.95274 

9.02444 

•95542 

•99384 

.99732 

.0062 

,00268 

83 

38 

2.90 

9.05956 

0.957 1 1 

9- "458 
.20564 

0.95974 

0.99396 

9-99737 

I.006I 

0.00263 

P 

4? 

.91 

.15116 

.96148 

.96405 

.99408 

.99742 

.0060 

.00258 

P 

46  ; 

.92 

.24368 

.96584 

.29761 

.96837 

.99420 

•99747 

.0058 

•0025; 

P 

50 

•93 

.33712 

.97021 

.48436 

.97269 

•99531 

.99752 

.0057 

.00248 

P 

53 

•94 

.43'49 

.97458 

.97701 

•99443 

.99757 

.0056 

.00243 

83 

57 

2-95 

9.52681 

0.97895 

9.579^6 

0.98133 

0.99454 

9.99762 

1.0055 

0.00238 

84 

00 

.96 

.62308 

'$^& 

.67490 

.98565 

.99464 

.99767 

.0054 

.00233 

84 

04 

.     ^97 

.72031 

.77161 

.98997 

•99475 

.99771 

.0053 

.00229 

f^ 

08 

.98 

.81851 

.99205 

.86930 

.99429 

.99485 
.99496 

•99776 

.0052 

.00224 

84 

11 

•99 

.91770 

.99641 

.96798 

.99861 

.99780 

.0051 

.00220 

84 

15 

3.00 

10.01787 

1.00078 

10.06766 

1.00293 

0.99505 

999785 

1.0050 

0.00215 

84 

18 
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u 


3-0 
.1 

.2 

•3 

i 

•9 

4.0 
.1 
.2 

•3 
4 

h 

.7 
•9 

S-o 


tinh.  a 


Nat. 


Log. 


10.0179 
11.0765 
12.2459 

'3-S379 
14.9654 

16.5426 
18.2855 
20.2113 

22-3394 
24.691 1 

27.2899 
30.1619 

33-3357 
36.8431 

40.7193 

45.0630 
49-7371 

54.9690 
60.7511 

67.1412 


1.00078 
,04440 
08799 

'3^55 
17509 

21860 
2621 1 

30559 
34907 
39254 

43600 
47946 
52291 


65324 


74012 

.82699 


74.2032    1.87042 


coih.  n 


Nat. 


Log. 


iao677 
11.1215 
12.2866 
13-5748 
14.9987 

16.5728 
18.3128 
20.2360 
22.3018 

24.7  "3 

27.3082 
30.1784 

33-3557 
36.8567 
40.7316 

45.0141 
49.7472 

54.9781 
67.1480 


1.00293 

.04616 

•08943 

•13273 
.17605 

1. 21940 
.26275 
.30612 

•34951 
•39290 

1.43629 
.47970 
.52310 
.56652 

•80993 

i'65335 
.69677 

.74019 

.78361 

.82704 


74.2099      T. 87046 


tanh.  a 


Nat. 


Log. 


0.99505 
•99595 

•99728 
.99777 

0.99818 
.99851 
.99878 
.99900 
.99918 

0.99933 
•99945 
•99955 

•99970 

0-99975 
.99980 

•99983 
.999S0 

•99989 


9.99785 
.99824 

& 

•99903 

9.99921 

•99935 
.99947 
•99957 
.99904 

9-99971 
•99976 
.99980 

•  .99984 
•99987 

9.99989 

.99991 
.99993 
•99994 
•99995 


0.99991    9-99996 


coth.  a 


Nat. 


1.0050 
.0041 
.0033 
.0027 
.0022 

1. 001 8 
.0015 
.0012 
.0010 

.0008 

1.0007 
.0005 
.0004 
.0004 

.0003 

1.0002 
.0002 
.0002 
.0001 
.0001 


Log. 


7^ 


0.0021 
.001 

.00144 
.00118 

.00097 

0.00079 
.00065 

.00053 

.00043 

.00036 

0.00029 
.00024 
.00020 
.00016 
.00013 

0.0001 1 
.00009 
.00007 
.00006 

.00005 


1. 0001      0.00004 


gd.  n 


84O18' 

84  50 

85  20 

85  47 

86  II 

86  32 

86  52 

87  10 
87  26 
87  41 

87  54 

88  06 

88  17 
88  27 
8836 

88  44 
88  51 

88  57 
8903 

89  09 

89  14 


TABLE  18.»FactorlAli. 

Sec  Table  x6  for  logarithms  of  the  products  J.2.3.  .  .  •  n  from  x  to  loo. 
See  Table  3a  for  loR.  F  (n+i)  for  values  of  n  between  x.ooo  and  2.000. 


n 
I 

n: 

r»»  "^  I*  2*  *<•  ^  m    m    •    ft 

n 

I. 

I 

I 

2 

3 

4 
5 

°!i6666  66666  66666  66666  66667 
.04166  66666  66666  66666  66667 
.00833  33333  33333  33333  33333 

2 

6 

24 
120 

2 

3 
4 
5 

6 

I 

9 
10 

0.00138  88888  88888  88S88  88889 
.00019  84126  98412  69841  26084 
.00002  48015  87301  58730  15873 
.00000  27557  31922  398^8  90653 
.00000  02755  73192  23985  89065 

720 

5040 

40320 

3  621 80 

36  28800 

6 

I 

9 
10 

II 
12 

13 
14 
15 

0.00000  00250  52108  38544  I 7 188 
.00000  00020  07675  69878  68099 
.00000  ooooi  60590  43836  82 I 61 
.00000  00000  II470  74559  77297 
.00000  00000  00764  71637  31820 

399  16800 

4790  01600 

62270  20800 

8  71782  91200 

130  76743  68000 

II 
12 

»3 
14 
15 

16 

\l 

19 
20 

0.00000  00000  00047  79477  33239 
.00000  00000  00002  81 145  72543 
.00000  00000  00000  1 5619  20097 
.00000  00000  00000  00822  06352 
.00000  00000  00000  00041  10318 

2092  27898  88000 

35568  74280  96000 

6  40237  37057  28000 

121  64510  04088  32000 

2432  90200  81766  40000 

16 

\l 

19 
20 
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Table  19. 
EXPONENTIAL  FUNCTION. 


1 

1           X  . 

1 

1 

log,o(»*) 

eX 

r-x 

1 

X 

logio('J^) 

ex 

e—x 

0.00 
.01 

1       .04 

0.00000 

.00434 
.00869 

.01303 
'OI737 

1. 0000 
.0101 
.0202 
.030^ 
.0402: 

1. 000000 

0.990050 

.980199 

.970446 

.960789 

0.50 

.51 
•52 
.53 
.54 

0.21715 
.22149 

•2258: 

.23018 

.23452 

1.6487 
.6653 
.6820 
.6^9 
.7160 

0.606531 
.600496 
.594521 
.588605 
.582748        j 

'     0.05 
.00 
.07 

1       .08 
.09 

0.02171 
.02606 
.03040 

.03474 
.03909 

I.O513 
.0618 

.0942 

1 
0.951229 

.941765 

•932394 
.923116 

.913931 

•59 

0.23886 

.24320 

.24755 
.25189 

.25623 

1.7333 
.7507 
.7683 
.7860 
.8040  - 

0.576950 
.571209 

•5^5525 
•559898 
.554327 

0.10 
.11 
.12 

•^3 
.14 

0.04343 
.04777 

.05212 
.05646 

.06080 

1.1052 
..1163 

.1503 

O.QO4837 
1886920 

0.60 
.61 
.62 

.64 

0.26058 
.26492 
.26926 
.27361 

•27795 

1.8221 
.8404 
.8589 
.8776 
.8965 

0.548812 

•54335" 
•537944 
•532592 
.527292 

1 

0.15 
.16 

.18 
1     .19 

0.06514 

.06949 

.07383 
.07817 

.08252 

I.1618 

•1735 

.1853 
.1972 

.2092 

0.860708 
.852144 
.843665 
.835270 
.826959 

0.65 
.66 
.67- 
.68 
.69 

0.28229 
.2866', 
.29098 

1^ 

1-9155 
.9348 
.9542 

•9739 
'9937 

0.522046 
.516854 

.511709 
.506617 

.501576 

0.20 

.21 
1           .22 
'           .23 

1           .24 

1 

0.08686 

.09120 

•09554 
.09989 

.10423 

I.2214 

•2337 
.2461 

.2586 

.2712 

0.8 1873 1    ' 
.810584 
.802519 

.786628 

0.70 

•71 
.72 

•73 
.74 

0.30401 

•308^5 
.31269 

.31703 

.32138 

2.0138 

.0340 

.0544 
.0751 

.0959 

0.496585      ' 
.401644      ' 

•486752      , 

.481909      . 
.477114 

0.25 
.26 

.28 
.29 

0.10857 
.11292 
.11726 
.12160 

.12595 

1.2840 
.2969 
.3100 
•3231 
•3304 

0.778801 
.771052 

.763379 
.755784 
.748264 

'^11 

.77 
.78 

•79 

0.32572 
.33006 
•33441 
.33875 
•34309 

2.1 170 

.1383 
.159!' 
.1815 
.2034 

0.472367 
.467666 
.463013 
.458406 

.453845 

0.30 

•31 
.32 

.33 

•34 

0.13029 

.  13463 
.13897 

.14706 

'•3499 

•3634 

.3771 
.3910 

.4049 

0.740818 

.733447 
.720149 

.718924 

.711770 

a8o 
.81 
.82 

.84 

0.34744 
•35378 

.36046 
.36481 

2.2255 

•2479 
.2705 

•2933 
.3164 

0.449329 
.444858 

.440432 
.436049      , 
431711 

0.35 
1        .36 

.38 

•39 

1 

0.15200 

:\^ 

.16503 
.16937 

1.4191 

.4333 

•4477 
.4623 

.4770 

0.704688     ' 
.697676     1 

.677057 

0.85 
.86 
.87 
.88 
.89 

0.36915 
•37349 
•37784 
.38218 

.38652 

2.3396 

.4109 

•435' 

0.427415 
.423162 

.418952      1 
.4147^3 

410656 

0.40 
.41 
•42 

•43 

.44 

0.17372 
.17806 
.18240 
.18675 
.19109 

1.4918 
.5068 
.5220 

•5373 
•5527 

0.670320 
.663650 

.657047 
.650509 

.644036 

0.90 
.91 

.92 
.93 
.94 

0.39087 
•39521 

•39955 
.40389 

.40824 

2.4596 

.4843 

.5093 

•5345 
.5600 

OL406570 
.402524 

•398519 

.47 
.48 

1        -49 

0.19543 
.19978 

.20412 

.20846 

.21280 

1.5683 

.5841 
.0000 
.6161 

•6323 

0.637628 
.63 1 284 
.625002 
.618783     1 
.612626 

^•95 

.97 
.98 

.99 

0.41258 
.41692 
.42127 
.42561 

•42995 

2.5857 
.6117 

.6379 
.6645 
.6912 

0.386741 
.382803 

.379083      , 
•3753"      ' 
.371577      1 

0.50 

1 

0.21715 

1.6487 

0.606531 

1. 00 

0.43429 

2.7183 

0.367879 
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EXPONENTIAL   FUNCTION. 

X 

logio(**) 

#* 

€^-^ 

1 

X 

logio('»^) 

** 

-' 

1 

I.OO 
.01 
.02 

•03 
.04 

0.43429 

.43864 

.44298 

•44732 
.45167 

2.7183 

.7456 
.7732 
.8011 

.8292 

0.367879 
.364219 

.360595 
.357007 

.353455 

1.50 

.51 

i       -52 
•53 
.54 

0.65144 

4.4817 
.5267 

.6182 
.6646 

0.223130 
.220910 
.218712 
.216536    , 
.214381 

1           .06 
.07 
.08 

•09 

0.45601 

•48035 

.46470 

.46904 
•47338 

2.8577 
.8864 
.9154 

•9447 
•9743 

0.349938 
.346456 
.343009 
•339596 
.336216 

1-55 
.56 

•57 
•58 

1        ^59 

0.67316 
.67750 
.68184 
.68619 

.69053 

.8066 
.8550 

.9037 

1 

a2i2248 
.210136 
.208045 
.205975 
.203926 

I.IO 

.11 

1 

.12 

•13 
.14 

0.47772 
.48207 

.48641 

•4907s 
.49510 

3.0042 

•0344 
.0649 

.0957 
.1268 

0332871 
•329559 

.326280    ; 

.323033 
.319819 

1.60 
.61 
.62 

.64 

0.69487 
.69921 

•70356 
•70790 
.71224 

4.9530 
5.0028 

•0531 
•1039 
.1552 

0.201897 
.199888 
.197899 
.195930 
.193980 

.19 

0.49944 
•50378 

.50812 

.51247 
.51681 

3.IJ582 

.2220 

.2544 
.2871 

0.316637 
.3134B6 
.310367 

•307279 
.304221 

.69 

0.71659 
•72093 
.72527 

•  .72961 
•73396 

5.2070 

-2593 
.3122 

.3656 

4195 

0.192050 

.190139 
.188247 

.186374 

.184520 

1.20 

.21 
.22 

•23 
.24 

0.52II5 

•52550 
.52984 
.53418 

.53853 

33201 

.3535 
.3872 

.4212 
.4556 

0.301 194 
.298197 
.295230 
.292293 

1.70 

.7" 
.72 

•73 
•74 

0.73830 
.74264 

.74699 
•75»33 
•75567 

5.4739 
.5290 

•5845 
.6407 

•6973 

0.182684 
.180866 
.179066 
.177284 
.175520 

:    '11 

•27 
.28 

.29 

0.54287 
.54721 

•55155 
•55590 

.56024 

3.4903 
•5254 
.5609 

.6328 

0.286505 
.283654 
.280832 
.278037 
.275271 

':?! 

'77 
.78 

•79 

0.76002 

.76436 
.76870 

•77304 
•77739 

5-7546 
.8124 

•8709 

•9299 
.9895 

0.173774  . 

.172045 

.170333 
.168638 

.166960 

1.30 

.31 

.32 

•33 
•34 

0.56458 

.56893 

•57327 
.57761 
.58195 

36693 
.7062 

•7434 
.7810 
.8190 

0.272532 
.269820 
.267135 

.264477 
.261846 

1.80 
.81 
.82 

.84 

0.78173 
.78607 
.79042 
•79476 
.79910 

6.0496 
.1104 
.1719 

.2339 
.2965 

0.165299 

.163654 
.162026 
.160414 
.158817 

'•35 
•36 

1        -37 
•39 

1 

0.58630 

.59064 
.59498 

.  .60367 

3.8574 
.8962 

•9354 

.9749 
4.0149 

0.259240 
.256661 
.254107 

•25*579 
.249075 

1.85 
.86 

•87 
.88 

.89 

0.80344 

•80779 
..81213 

.81647 

.82082 

6.3598 

.4237 
.4883 

•5535 
.6194 

0.157237 

.155673 
.154124 

.152590 

.151072 

1.40 

.41 
.42 

'         43 

•44 

0.60801 
.61236 
.61670 
.62104 

.62538 

40552 
.0960 

•1371 
.1787 
.2207 

0.246597 
.244143 
.241714 

•239309 
.236928 

1.90 
.91 
.92 

•93 
.94 

0.82516 
.82950 

•?3385 
.83819 

.84253 

6.6859 

.7531 
.8210 

0.149569 
.148080 
.146607 
.145148 
.143704 

.48 
•49 

0.62973 

•63407 
.63841 
.64276 
.64710 

4.2631 
.3060 
•3492 
•3929 
•4371 

0.234570 
.232236 

.  .229925 
.227638 

•225373 

1.95 

.98 
•99 

0.84687 
.85122 

•55556 
.85990 
.86425 

7.0287 

•0993 
.1707 

.2427 
•3155 

0.142274 
.140858 

.139457 
.138069 

.136695 

1.50 

0.65144 

4.4817 

0.223130 

2.00 

0.86859 

7.3891 

0.135335 
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Table  19(«w«'*w<0. 
EXPONENTIAL  FUNCTION. 


• 
X 

Jogio(**> 

#« 

r-« 

X 

logio(«*) 

«« 

<-*     1 

2.00 

0.86859 

73891 

0.135335 
.133989 

2.50 

1.08574 

12.182 

0.082085 
.081268 

.01 

.87293 

.4633 
.5383 

.6141 

.6906 

•5' 

x)90o8 

.305 

.02 

•5Z7?7 

.132655 

.'31336 
.130029 

•52 

.09442 

.429 

.080460 

.04- 

.88162 
.88596 

•53 
•54  , 

.09877 
.10311 

■m. 

%^  ; 

0.89030 
.89465 
.89899 

77679 

0.128735 

2.55 
•57 

1.10745 

12.807 

0.078082 

.8460 
.9248 

.127454 
.126186 

.11179 
.11614 

13.066 

.077305 
.076536 

.08 

.90761 

8.0045 

.124930 
.123687 

.58 

.12048 

.197. 

•075774 

.09 

.0849 

•59 

.12482 

•330 

.075020 

2.10 

0.91 202 

8.1662 

0.122456 

2.60 

1.12917 

1 3^464 

0.074274 

.11 

.91636 

.2482 

.121238 

.61 

.1335" 
•«3785 

•599 

.073535 
.072803 

.072078 

.12 

.92070 

•33" 

.12003a 

.62 

.736 

•13 

.92505 

.4149 

.118837 

1   .63 

.14219 

.874 

.14 

•92939 

.4994 

.117655 

.64 

.14654 

14.013 

.071361  j 

'W 

0.93373 
.93808 

8.5849 
.6711 

0.1 16484 

."5325 
.114178 

^1 

1.15088 
.15522 

14.154 
.296 

0.070651 
.069948 

'^l 

.94242 

•Z583 

.67 

•'5957 
.16391 
.16825 

.440 

.069252 
.068563  . 
.067I81 

.18 

.94676 

.8463 

■  .113042 

.68 

.585 

.19 

.95110 

•9352 

.111917 

.69 

.732 

2.20 

0-95545 

9.0250 

0.110803 

2.70 

1.17260 

14.880 

ao672o6 

.21 

•95979 

•90413 
.9684^ 

.1157 

.109701 

•71 

.17694 

15.029 

•066537   ' 

.065875 
.065219 

.22 
•23 

.2073 
.2999 

.io752ii 

.72 
•73 

.18128 
.18562 

.180 
.333 

.24 

.97282 

•3933 

.106459 

.74 

.18997 

.487 

.064570 

'% 

0.97716 

9-4877 

0.105399 

'H 

1.19431 

15-643 

1 
ao63928 

•9!'5^ 

•5831 
.6794 

.104350 

.19865 

.800 

.063292 

.27 

.98585 

.103312 

.77 

.20300 

^•959  . 

.062662 

.28 

.99019 

.7767 

.102284 

•78 

.20734 
.21168 

16.119 

.062039 

.29 

•99453 

.8749 

.101266  j 

•79 

.281 

.061421 

2.30 

0.99888 

9.9742 

0.100259 

2.80 

'1.21602 

16.445 

ao6D8io   ' 

•31 

1.00322 

10.074 

.099261 

.81 

.22037 

.610 

.060205 
.059600 

•32 

.00756 

.176 

.098274 

Zi 

.22471 

'777 

•33 

.01 191 

.278 

.097296 

.83 

.22905 

.945 
17.110 

.050013 
.058426 

•34 

.01625 

.381 

.096328 

.84 

.23340 

2.3s 

1.02059 

10.486 

0.095369 

2.85 
.86 

1.23774 

17.288 

0.057844 

.30 

.0249; 
.02922  \ 

.591 

.094420 

.24208 

.462 

.057269 

•37 

.697 

•093481 

i    -52 

.24643 

.637 

.056699 

.38 

.03362 

.805 

•  .092551 
.091630  1 

.88 

.25077 

.814 

.056135 
.055576 

•39 

.03796 

•9'3 

.89 

.25511 

.993 

2.40 
.41 

1. 042  J I 
.04665 

11.023 
.134 

°s^;^ 

2.90 
•9' 

1.25945 
.26380 

.26814 

18.174 
•357 

0.055023 
.054476 

.42 

.05099 

.246 

.088922 

.92 

.541 

.053934 

•43 

.05968 

•359 

.088037 

•93 

.27248 

.728 

■%'^  \ 

.44 

-473 

.087161 

1   .94 

.27683 

.916 

2.45 
.46 

1.06402 

11.588 

0.086294 

^:'9^ 

1.28 1 17 

19.106 

0.052340 
.051819 

.06836 

.705 

.085435 
.084585 

•^!55' 

.298 

•47 

.07271 

.822 

'% 

.28985 

.492 

•051303 

.48 

.07705 

.941 

.083743 

,   98 

.29420 

.688 

.050793   • 

.49 

.08139 

12.061 

.082910 

•99 

•29854 

.886 

.050287   1 

2.50 

1.08574 

12.182 

0.082085 

1   3.00 

1.30288 

20.086 

0.049787   1 

1 
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X 

log,o(*«r) 

e* 

1 

• 

X 

log,o(#*) 

€* 

€-X 

3.00 

.01 

.02 

•03 
.04 

1.30288 
•30723 

•3"  57 

•31 591 
.32026 

20.086 
.287 
.491 
.697 
•905 

0.049787 

.049292 

.048801 

.048^16 

.647835 

350 

•51 
•52 

•54 

1.52003 

.52437 
.52872 

•53306 
.53740 

33-II5 
.448 

•784 

34.124 
467 

0.030197 
.029897 
.029599 
.029305 
.029013 

.09 

1.32460 

.32894 
.33328 

•33763 
•34197 

21. 115 
.328 

•54| 

.758 

•977 

.046421 

.045959 
.045502 

3-55 
.56 

•57 
.58 

•59 

'•54I75 
.54609 

•55043 

.  ^55477 

.55912 

34.813 

35.163 

.517 
.874 

36^234 

0.028725 

.028439 
.028156 

.027876 

.027598 

3.10 
.11 
.12 

•13 
.14 

•35500 

•35934 
.36368 

22.198 
421 
.646 

.874 
23.104 

0.045049 
.044601 

.044157 
.043718 

•043283 

3.60 
.61 
.62 

.64 

1.56346 
.56780 

•57215 
.57649 
•58083 

36.598 
.966 

37.338  . 

^'^^^ 
38.092 

0.027324 
.027052 
.026787 
.026516 
.026252 

1  *;i 

.19 

1.36803 

•3767' 
.38106 

.38540 

23336 

.807 

24047 
.288 

0.042852 
.042426 
.042004 
.041586 
.041172 

•67 
.68 

•69 

1.58517 
.58952 
.59386 
.59820 
.60255 

3^-«5 
.861 

.646 
40.045 

0.025991 

•025733 
.025476 

.025223 

.024972 

3.20 
.21 
.22 

•23 
.24 

1.38974 

•39409 

•39843 
.40277 

.40711 

24^533 

•779 
25.028 

•  .280 
•534 

0.040762 

.040357 
•039955 
•039557 
.039164 

3-70 
•71 
•72 

.74 

1.60689 
.6112; 
.61558 

.61992 
.62426 

40.447 
.854 

41.264 
.679 

42.098 

0.024724 
.024478 
.024234 

•023993 
.023754 

.29 

1.41146 
.41580 
.42014 
.42449 
42883 

25.790 
26.050 

.576 
.843 

0:038774 
.038388 
.038006 
.037628 

.037254 

3-75 
.76 

.78 
•79 

1.62860* 

•6329s 
.63729 

42.521 
.948 

43-380 
.816 

44.256 

0.023518 

.023284 
.023052 
.022823 
.022590 

3^3o 
.3» 
•32 
•33 
•34 

1.43317 

•^3751 
.44186 

.44620 
45054 

27.II3 

.938 
28.219 

0.036883 
.036516 
.0361 53 
.035793 
.035437 

3.80 
.81 
.82 

■?3 
.84 

1.65032 
.65466 

44.701 

45.150 
.604 

46.063 
.525 

0.022371 
.022148 
.021928 
.021710 
.021494 

3-35 

.38 
•39 

X. 45489 
45923 
.40357 
.46792 
.47226 

28.503 

.789 
29.079 

Q.035084 

•034735 
.034390 
.034047 

•033709 

.'88 
•89 

1. 67  20' 
.67638 
.68072 
.68506 
.68941 

46.993 

47.465 

.942 

48424 
.911 

0.021280 
.021068 
.020858 
.020651 
.020445 

3-40 
.41 

.42 

43 
•44 

1.47660 

.48094 

.48529 
.48963 

•49397 

29.964 
30.265 

•569 
.877 

31.187 

0.033373 
.033041 
.032712 

•032387 
.032065 

390 
.91 

.92 

•93 
•94 

1-69375 
.69809 

.70243 
.70678 
.71112 

49.402 

.899 

50400 

.907 
5^419 

0.020242 
.020041 
.019841 
.019644 
.019448 

.48 
49 

1.49832 
.50266 

.50700 

•51134 
.51569 

3X-50O 
.817 

32.137 
.460 

.786 

0.031746 
.031430 
.031117 
.030807 
.030501 

3-95 

•98 
•99 

I.71546 
.71981 

.72415 
.72849 

.73283 

51 -935 

53.517 
54.055 

0.019255 
.019063 
.018873 
.018686 
.018500 

3-50 

1.52003 

33-"5 

0.030197 

4.00 

I -737 18 

54.598 

0.018316 
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Table    19    iccntinued). 

EXPONENTIAL   FUNCTION. 


X 

log,o(#») 

«« 

e-x 

*. 

logio(«*) 

r« 

I 

1 

4.00 

^'7V^^ 

54.598 

O.O18316 

4.50 

1.95433 

90.017 

1 

0.01 1 109 

,   .01 

745^ 

55-147 

.018133 

•5« 

.95867 
.90301 

.922 
91.836 

.010998 

!   .02 

.701 

•017953 

•52 

.010889 

!   .03 

.75021 

56.261 

.017774 

•53- 

-96735 

92.759 

*oi078i 

1   .04 

1 

•75455 

.826 

.017597 

•54 

.97170 

93.691 

.010673 

1 

405 
.00 

1.75889 

57-397 

0.017422 

4.5s 

1.97604 

94.632 

0.010567 

.76324 

•974 

.017249 

•56 

.98038 

95.583 

.010462 

1   .07 

.76758 

58.557 

.017077 

•57 

•98473 

96.544 

.010358 

1   .08 

.77192 

59- H5  . 

.016907 

.58 

•98907 

97.514 

.010255   1 

•09 

.77626 

.740 

X)i6739 

•59 

•9934» 

98.494 

.010153 

i   4.10 

1. 78061 

60.340 

0.016573 
.016408 

1   4.60 

'•99775 

99.484 

0.010052    ! 

1   -11 

.78495 

.947 

.61 

2.00210 

100.48 

.009952    1 

1   .12 

•'  .78929 

61.559 

^16245 

'   .62 

.00644 

101.49 

.009853    ' 

•13 

•79364 

62.178 

.016083 

1   -63 

.01078 

102.51 

[009658    ) 

.14 

•79798 

.803 

.015923 

.64 

.01513 

103.54 

4.15 

1.80232 

63.434 

0.01 5764 

4.65 

2.01947 

104.58 
105.64 
106.70 

0.009562    , 

.16 

.80667 

64.072 

.015608 

1    .66 

.02381 
.02816 

.009466    1 

.>7 

.81101 

65^36^ 
66.023 

.015452 

1    .67 

.009372    1 

.18 

.81535 

.015299 

.68 

.032150 
.03684 

107.77 

.009279 

1   .19 

.81969 

.015146 

•69 

108.85 

.009187 

1 

4.20 

1.82404 

66.686 

0.014996 

1   4-70 

2.041 18 

109.95 

0.009095 

1   .21 

.82838 

67.357 

.014846 

•71 

•04553 
.04987 

1 11.05 

.009005 

.22 

.83272 

68.033 

.014699  1 

•72 

112.17 

:^j| 

•23 

.83707 

.717 

.014552 

'   ^73 

.05421 

"3-30 

1   .24 

.84141 

69.408 

.014408 

i      '^^ 

.05856 

114.43 

.008739 

1 

1-84575 

70.105 

0.014264 

4-75 

2.06290 

115.58 

1 
0.008652 
.008566 

.85009 

.810 

.014122 

1    .76 

.06724 

116.75 

!   -27 

•85444 

71.522 

.013982 

'   '77 

.07158 

117.92 

.008480 

*   .28 

.85878 

72.240 

.013843 

\        ^78 

.07593 

1 19.10 

.008396 

*   .29 

.86312 

.966 

.013705 

i   ^79 

.08027 

120.30 

.008312 

'      4^30 

1.86747 

73-700 

0.013569 

'   4.80 

2.08461 

121.51 

aoo8230 

1   -3^ 

.87181 

74.440 

■013434  1 

.81 

.08896 

122.73 

.008148 

'   .32 

.8761  s 

75.189 

.013300 

.82 

•09330 

123.97 

.008067 

i   .33 

.88050 
.88484 

.944 

.013168 

,    -13 

.09764 

125.21 

.007987 

.34 

76.708 

.013037 

I    .84 

.10199 

126.47 

.007907 

4.35 
•36 

1.88918 

77.478 

0.012907 

'   4.85 
.86 

2.10633 
.11067 

127.74 

0.007828 

•59352 
.89787 

78.257 

.012778 

129.02 

.007750 

•37 

79.044 

.012651 

1    'll 

.11501 

130.32 

.007673  1 

.38 

.90221 

79.838 

.012525 

\        .88 

.11936 

131-63 

.007597  , 

.39 

1 

.90655 

80.640 

.01 2401 

-89 

.12370 

132.95 

.007521  I 

I   4.40 

1. 91090 

81.451 

0.012277 

1   4-90 

2.12804 

134.29 

0.007447 

.41 

.91524 

82.269 

.012155 

1   .91 

•13239 

135-64 

.007372 

1   .42 

.91958 

83.096 

.012034 

!   -92 

•13673 

'37-05 

.007299 

•43 

.92392 
.92827 

«  -93' 

.011914 

1   -93 

.14107 

138-38 

.007227 

.44 

84-775 

.011796 

•94 

.14541 

139-77 

.007155 

4-4S 
.46 

1. 93261 

85.627 

0.011679 

1 

4.95 

2.14976 

141.17 

0.007083 

•93695 

86.488 

.011562 

.96 

.15410 

142.59 

.007013 

•47 

.94130 
.94564 

5Z-357 

.011447 

'    -97 

.15844 

144.03 

.606943 
.006874 

.48 

88.235 

•01 1 333 

.98 

.16279 

145-47 

•49 

•94998 

89.121 

.011221 

-99 

1 

.16713 

146.94 

.006806 

4.50 

^•95433 

90.017 

o.oi  1 109 

5-00 

2.17147 

148.41 

0.006738   1 
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X 

l0K»X^) 

«« 

€-* 

X 

log,o(r*)  . 

** 

e-x 

5.00 

2.17147 
.17582 

148.41 

0.006738 

5.0 

2.17147 

1 4841 

0.006738 

^I 

149.90 

.006671 

.1 

.21490 

164.02 

.006097 

'   .02 

.18016 

151.41 

.006605 

.2 

.25833 

181.27 

.005517 

•03 
.04 

.18450 
.18884 

^5293 
154.47 

.006539 
.006474 

•3 

.4 

.30176 
.34519 

200.34 
221.4X 

.004992 
.004517 

^^ 

2.19319 

156.02 

0.006409 

"■i 

2.38862 

244.69 

0.004087 

.19753 
.20187 

15759 

.006346 

.43205 
.47548 

^72-43 

.003698 

<y7 

'59.17 
160.77 

.006282 

.7 

298.87 

.003346 

.08 

.20622 

.006220    1 

.8 

•5'89' 

330-30 

.003028 

.09 

.21056 

162.39 

.006158 

aoo6o97 

.9 

.56234 

365.04 

4OO2739 

5.10 

2.21490 

164.02 

6.0 

2.60577 

403.43 
445.86 

0.002479 

.11 

.21924 

165.67 

.006036 

.1 

.64920 

^002243 

.12 

.22359 

'67.34 

.005976  1 

.2 

.77948 

49275 

.002029 

•13 
.14 

.22793 
.23227 

169.02 
170.72 

.005017   ; 
.005858  , 

•3 
.4 

m\ 

.001836 
.001662 

'M 

2.23662 

'72.43 
174.16 

0.005799  1 

6.5 

2.82291 

665.14 

0.001503 

.24096 

.005742 

.6 

.86634 

735.10 
812.41 
897.85 

.001360 

■\l 

.24530 
.24965 

175.91 
177.68 

.005685 
.005628 

l 

.90977 

.001231 

xx}iii4 

19 

.25399 

179.47 

.005572 

•9 

992.27 

.001008 

5.20 

2.25833 

181.27 

0.005517 

7.0 

3.04006 

1096.6 

0.000912 

.21 

183.09 

.005462 

.1 

.08349 
.12092 

1 21 2.0 

.000825 

.22 

.26702 

184.93 

.005407  1 

.2 

13394 
1480.3 

.000747 

.23 

.27136 

186.79 

.005354  1 

•3 

.17035 
.21378 

.000676 

.24 

.27570 

188.67 

.005300 

.4 

1636.0 

.000611 

^M 

2.28005 

190.57 

0.005248 

'i 

3-25721 

1808.0 

0.000553 

.28439 

192.48 

.005195 

.30064 

1998.2 

:ooo5oo 

•^2 

.28873 

194.42 

.005144 

.7 

•34407 

2208.3 
2440.0 

.000453 

.28 

.29307 

'96.37 

.005092  j 

.8 

•38750 

.000410 

.29 

.29742 

198.34 

.005042 

•9 

•43093 

2697.3 

.000371 

5-30 

2.30176 

200.34 

0.004992 

8.0 

3.47436 

2981.0 

0.000335    i 

•31 

.30610 

202.3s 

.004942 
.004893 

.1 

.S'779 

3294.5 

.000304 

.32 

•3>045 

204.38 

.2 

.56121 
.60464 

3641.0 

.000275 

•33 

•3H79 

206.44 

.004844 

•3 

4023.9 

.000249 

■34 

•31913 

208.51 

.004796 

•4 

.64807 

4447-' 

.000225 

5-3S 
•36 

2.32348 

210.61 

0.004748 

'i 

3.69150 

4914.8 

0.000203 

.32782 

212.72 

.004701 

•73493 
.77836 

543'7 
6002.9 

.000184   i 

•37 

.33216 

214.86 

.004654 

i 

.000167 

.38 

•33650 
.34085 

217.02 

.004608 

.82179 

6634.2 

.000151 

•39 

219.20 

.004562 

.9 

.86522 

7332.0 

.000136   j 

5.40 

2.34519 

221.41 

0.004517 

9.0 

3.90865 
.95208 

8103.1 

0.0001 23 

.41 

•3^953 

223.6' , 
2215.8J 

.004472 

.1 

8955.3 
9897.1 

.000T12 

.42 

.35388 

.004427 

..2 

.9955' 
4.03894 

.000101 

•43 

.35822 
.36?S6 

228.15 

.004383  1 

.3 

10938. 

.000091 

.44 

230.44 

.004339  j 

.4 

.08237 

.000083 

«     1 

'tl 

2.36690 
•37125 

232.76 
235.10 

0.004296 
.004254  1 

9.5 

4.12580 
.16923 

'3360. 
14765. 
16318. 

0.000075 
.000068 

'^l 

.37559 

237.46 

•  .004211 

•7 

.21266 

.000061    1 

.48 

■m 

239.85 

.004160 
.004128 

.8 

.25609 

18034. 

.000055 

•49 

242.26 

.9 

.29952 

'9930. 

.000050 

5.50 

2.38862 

244-69 

0.004087 

10.0 

4.34294 

22026. 

0.000045 
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Taslc  20. 

EXPONENTIAL  FUNCTIONS. 

Taint  ol  e**  tnd  0-^'  uid  thtir  losazltkflis. 


1 

• 

Jojcr'* 

.-• 

log* 

1 

'0.1 

2 

3 
4 

5 

I.OIOI 

1.0408 
1.0942 

1. 1735 

1.2840 

0.00434 

01737 
03909 
06949 
10857 

0.99005 

96079 

91393 
85214 

77880 

1.99566 
98263 
96091 

93051 
89143 

0.6 

\ 

9 
1.0 

'•4333 

1-6323 
1.8965 

2.2479 

2.7183 

0-15635 
21280 

27795 
35178 
43429 

0.69768 
61263 

52729 
4A486 

36788 

1.84365 
78720 
72205 
64822 

56571 

1.1 

2 

3 

4 
5 

3-3535  . 
4.2207 

5-4195 
7-0993 
9.4877 

0.52550 
62538 

73396 
85122 

97716 

0.29820 

23693 
18452 

14086 

10540 

1.47450 
37462 
26604 
14878 
02284 

1.6 

9 
2.0 

1.2936  X  10 
'•7993   " 

2.5534    ;; 

5.4598   " 

I.III79 

2551 1 

4071 1 

.   56780 

73718 

0.77305  X  lo-i 

39164   " 
27052   •• 

18316   " 

2.88821 

74489 
59289 
43220 
26282 

2.1 

2 

3 
4 
5 

8.2269   " 
1.2647  X  I0« 

1.9834    " 

3-»735   " 
5.1801 

1. 91 524 

2.IOI99 

29742 

50154 

71434 

0.12155   " 
79071  X  lo-a 
50418   " 

31511   ;; 
19305 

2.08476 

3-89801 

70258 

2.6 

\ 

9 
30 

8.6264   " 
1.4656  X  10* 
2.5402   ** 
4.4918   " 
8.1031   " 

2.93583 
3. 1 6601 

40487 

65242 

90865 

0.1 1 592  " 

68233  X  io-» 

39367    ;; 
22263    " 

I 2341    " 

J.06417 

4.83399 
59513 
34758 
09135 

3a 

2 

3 
4 

5 

1.4913  X  lo* 
2.8001   " 

S-3637   "  ^ 
1.0482  X  10* 
2.0898   " 

4.17357 
44718 

72947 
5.02044 

3201 1 

0.67055  X  I0-* 

35713   " 
18644   " 
95402  X  I0-* 

47851   " 

582643 
55282 
27055 

3.6 

9 
4.0 

4.2507   ** 
8.8205 
1.8673  X  io» 
4.0329   « 
8.8861   « 

5.62846 

94549 
6.27 1 21 

60562 

94871 

0.23526   " 

"337   ** 
53553  X  io-« 
24796   " 
X1254   *♦ 

6.37154 

_ 05451 
7.72870 

39438 
05129 

4.1 

2 

3 
4 

S 

1.9975  XioT  . 
4.5800   " 
1.0718  X  loP 
2.5582 
6.2296 .   ** 

8.03010 
40794 
79446 

0.50062  X  lo-T 
21830   " 
93303  X  10-8 

39089   " 
16052   " 

8.69951 

.33905 

9.96990 

59206 

20554 

4.6 

\ 

9 

5-0 

1.5476  X  10^ 

3-9225   ",, 
1. 01 42  X  loW 

2.6755   " 
7.2005   ** 

9.18967 

59357 
10.00614 

42741 
85736 

0.64614  X  lo-* 

^5494   "  ,„ 
98595  X  lo-w 

37376   " 
13888   " 

r6.8i033 

_  40643 
11.99386 

57259 
14264 
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EXPONENTIAL  FUNCTIONS. 
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YaliiMol^«'«iid^     * 

■Bd  tliair  losazltlm. 

V 

» 

IT 

V 

X 

e*' 

log^^ 

e~'^ 

log^""*" 

1 

2.1933 

0.34109 

0.45594 

T.658QI 
.31781 

.2 

4.8105 

.60219 

.20788 

3 

1.0551  X  10 

1.02328 

.94780  X  1 0-1 

2.97672 

4 

2.3 1 41 

.36438 

-43214     " 

.63562 

5 

5-0754       " 

•70547 

•19703     " 

•29453 

6 

1.1132  X  108 

2.04656 
.38766 

0.89833  X  10-2 

3-95344 

7 

2.441 5       " 

.40958    " 

.61234 

8 

5-3549       *• 

.72875 

.18674     " 

.27125 

9 

10 

1.1745  X  lo* 
2.5760       " 

3.06985 
.41094. 

.85144  X  io-« 
.38820       ** 

4^930i5 
.58906 

11 

5.6498       " 

3-75203 

0.17700       " 

4.24797 

12 

1.2392  X  10* 

4-09313 

.80700  X  I0-* 

5.90687 

>3 

2.7178 

.43422 

-36794       ** 

•56578 

14 

5.9610       " 

.77532 
5.1 1 641 

.16776       "    ^ 

.22468 

15 

1.3074  X  10* 

.76487  X  10-6 

6.88359 

16 

2.8675       " 

'X 

0.34873       " 

6.54249 

17 

6.2893       ** 

.15900       •*    . 

.20140 

i8 

1-3794  X  icfi 

6.13969 
.48079 

.72495  X  io-« 

7.86031 

19 

3.0254       " 

•33053       " 

.51921 

20 

6.6356       « 

.82188 

.15070       " 

.17812 

Table  22. 
EXPONENTIAL  FUNCTIONS. 

YaliiM  of  B~T'  and  ^     «     uid  tlMlr  losazltlimB. 


'^« 

V* 

V,r 

v? 

OB 

e-' 

log^"^ 

e^  *  • 

log  ^     '  * 

1 

^•5576 

0.19244 

0.64203 

T.80756 

2 

2.4260 

.38488 

.41221 

.61512 

3 

3-7786 

.57733 

.26465 

.42267 

4 

& 

.76977 

.16992 

.23023 

5 

.96221 

.10909 

.03779 

6 

14.277 

1.15465 

0.070041 

2.84535 

7 

22.238 

•34709 

.044968 

.65291 

8 

34.636 

•53953 
-73198 

.028871 

.46047 

9 

53-948 
84.027 

.018536- 

.26802 

10 

.92442 

.011901 

.07558 

11 

130.88 

2.1 1686 

0.0076408 

3.88314 

12 

203.85 

-30930 

.0049057 

.69070 

13 

317-50 

.50174 

.0031496 

.49826 

14 

494.52 

.69418 

.0020222 

.30582 

'.5 

770.24 

.0012983 

•I  1337 

16 

1 199.7 

3-07907 

0.00083355  - 

4.92093 

17 

1868.6 

,27151 

.00053517 

.72849 

18 

2910.4 

-46395 
•^5639 

.00034360 

-53605 

19 

4533-1 
7060.5 

.00022060 

•34361 

20 

.84883 

.00014163 

.15117 
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0.1 

2 

3 
4 
5 

0.6 

7 
8 

9 
i.o 

IJ. 

2 

3 
4 

5 

1.6 

7 
8 

9 

2.0 

2.1 

2 

3 
4 
5 

2.6 

I 

9 
3-0 

3.1 

2 

3 
4 
S 

3.6 

7 
8 

9 
4.0 

4J. 

2 

3 
4 

5 

4.6 

7 
8 

9 
5.0 


Table  20. 
EXPONENTIAL  FUNCTIONS. 
Valnt  of  e<'  and  e-x'  ud  tlMlr  logmiithmM. 


I.OIOI 

1.0408 
1.0942 

1173s 
1.2840 

1-4333 
1.6323 

1.896s 

2.2479 

2.7183 

3-3535 
4.2207 

5-4195 
7.0993 
9.4^77 

1.2936  X  10 
1-7993 

3.6966 
5-4598 


i( 


(( 


(( 


8.2269 
1.2647  X  10^ 

1.9834 

3.1735 
5.1801 


«t 


8.6264       " 
1.4656  X  lo* 
2.5402 
4.4918 
8. 103 1 


a 


it 


(I 


1. 491 3  X  10* 
2.8001   " 

5.3637   " 
1.0482  X  10^ 
2.0898 


t( 


tt 


u 


4-2507 
8.8205 

1.8673  X  '0^ 
4.0329   « 
8.8861   •* 


175  X  loT 


1.5476  X  io» 
3.9225   " 
1.0142  X  lo^** 

2.6755 
7.2005 


(i 


log*= 


0.00434 

01737 
03909 

06949 
10857 

0.1 
2I2J 
27795 

35178 
43429 

0.52550 
62538 

73396 
85122 

97716 

I.III79 
2551 1 
4071 1 
56780 

737  "8 

1. 91 524 

2.10199 

29742 

50154 

71434 

2.93583 
3.16601 

40487 

65242 

90865 

4.17357 
44718 

72947 
5.02044 

3201 1 

5.62846 

94549 
6.27 1 21 

60S62 

94871 

7.30049 
66095 

8.03010 

40794 
79446 

9.18967 

59357 
10.00614 

42741 
85736 


0.99005 
96079 

91393 
85214 
77880 


0.69768 
61263 
52729 
44486 
36788 

0.29820 

23693 
184^2 

14086 

10540 

0.77305  X  lo-i 

55576 

39164 
27052 

18316 


tt 


(t 


« 


<« 


(( 


0.12155 
79071  X  10 
50418   " 

3'5" 
19305 


-2 


t< 


«< 


(( 


0.1 1592 
68233  X  10 

39367 
22263 

1 2341 


<« 


« 


tt 


0.67055  X  10- 


«< 


18644 

95402  X  10 

47851 


tt 


t< 


tt 


0.23526 
1 1337 

53553  X  io--« 

24796 
11254 


tt 


t< 


0.50062  X  io~^ 
21830 

93303  X  10-  " 
39089 
16052 


t« 


t( 


0.64614  X  10- 
25494 
98595  X  lo'-io 
37376 
13888 


ft 


log*" 


1.99566 
98263 

96091 

93051 
89143 

1.84365 

78720 
72205 

64822 

56571 

r.47450 
37402 

26604 

14878 

02284 

2.88821 

74489 
59289 

43220 
26282 

2.08476 

3.89801 
70258 
49846 

28566 

3.06417 

483399 

5951 

3475' 
09135 

5-82643 
55282 

27053 

6.97950 

67989 

6.37154 
_  05451 
7.72870 

39438 
05129 

^•^51 

59206 
«'554 

«o.8io,, 

-  40643 
•' -99312 
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r 


c     -  -     •       -li- 


E     ;:- 


it     1- 


-alues  of 


9 

.04840 

.10197 

.15508 

■ 

.20749 

.25898 

•3I 

.40586 

1 

.45169 

) 

.49570 

1 

•53778 

•57782 

> 

.61575 

.68510 

¥ 

.71648 

\ 

.74567 

) 

.77270 

• 

.79761 

< 

.82048 

> 

•84137 

^ 

.86036 

•87755 

T 
> 

•89304 
.90694 

» 

•91935 
•93038 

\ 

> 

.94014 

5 

.94874 

't 

.95628 

9 

2 

•99147 

9 

•99905 

I 

•99993 

.-  ti 


r        ^  *. 


•on,  and  other 


:   ':^ 

^  :jc; 

.v"->;^ 

• 

3"^'  4 

•Of'  »^9, 

.4  »''." 

•oci^rrr 

.;  ;^.' 

a:i2iVn3 

.11  ;  ;- 

--000^-::;;     • 

4W--0.;       1 

9 

OOC-;-;;!; 

-  'S  J.»           1 

•o«^;>4rc 

X  5«.    H          1 

.i!! 

•OC:;.\irc 

;,:'■!          1 

-300l4I'>j 

i^ri-         1 

8 

9 

0.2549 

0.2385 

.1636 

.1590 

J 

.1298 

•1275 

24 

.1109 

.1094 

>994 

•0984 

.0974 

0.0901 

0.0&93 

0.0886 

.0830 

.0824 

.0818 

•0774 

.0769 

.0764 

.0727 

.0723 

.0719 

.0688 

.0685 

.0681 

S6 


Tables  23  and  24.. 
EXPONENTIAL  FUNCTIONS  AND  LEAST  SQUARES. 

TABLE  83.— XzpoaftaiUl  Fnnetioiii. 
Value  of  ^  and  f*  and  their  logarithms. 


X 

1/64 

^ 

log^ 

^- 

X 

«/3 

^ 

log^ 

r- 

1.0157 

0.00679 

■    1 

0.98450  ! 

13956 

0.14476 

0.71653 

1/32 

•0317 

.01357 

.96923 

1/2 

.6487 

•2i7"5 

.60653 

I/I6 

.0645 

.02714 

.93941  1 

3/4 

2.1170 

•32572 

-47237 

i/io 

.1052 

■04343 

.90484  1 

I 

.7183 

.43429 

.36788 

1/9 

.1175 

.04825 

.89484  1 

S/4 

3-4903 

.54287 

.28650 

1/8 

1-1331 

0.05429 

0.88250 

3/2 

4.4817 

0.65144 

0.22313 

'/7 

.1536 

.06204 

.86688  ' 

7/4 

5-7546 

.76002 

->7377 

1/6 

.1814 

.07238 

.84648  ' 

2 

7.3891 

.86859 

-13534 

'',^ 

.2214 

.08686 

.81873  ' 

9/4 

9.4877 

.97716 

.10540 

1/4 

.2840 

.10857 

.77880 

5/2 

12.1825 

1.08574 

.08208 

TABLE  84.— Least  Squares. 

Values  of  P  =  ^f^  *'  r-<*')»  d  (kxY 

This  table  gives  the  value  of  P,  the  probability  of  an  observational  error  having  a  value  posi- 
tive or  negative  equal  to  or  less  than  x  when  h  is  the  measure  of  precision,  P  =  2_  /  *^-(*')» 
d(hx).     For  values  of  the  inverse  function  see  the  table  on  Diffusion. 


kx 


0.0 

.1 
.2 

•3 
•4 

0.5 

.6 

-7 
.8 

.9 

1.0 

.1 
.2 

•3 

.4 

1.5 

.6 

.7 
.8 

.9 

2.0 

«i 
.2 

•3 
.4 

2.5 

.6 

-7 
.8 

■9 

3.0 


.  1 1 246 
.22270 
.32863 
.42839 

.52050 
.60386 
.67780 
.74210 
.79691 

.84270 
.88021 
.91031 
.93401 
.95229 

.96611 

.97635 

•98379 
.98909 

.99279 

•99532 
.99702 

.99814 

.99886 

•99931 

.99959 
.99976 

.99987 

.99992 

•99996 

.99998 


.01 1 28 
.12362 
.23352 
•33891 
.43797 

.52924 
.61168 
.68467 
.74800 
.80188 

.84681 

.88353 
.91296 

.93606 
.95385 
.96728 
.97721 
.98441 
.98952 
.99309 

•99552 

.99715 
.99S22 

.99891 
•99935 
.99961 
.99978 

•99987 

•99993 
.99996 

.99999 


02256 
'3476 
24430 
34913 

44747 

53790 
61941 

69143 
75381 
80677 

85084 
88679 

93807 
95538 

96841 
97804 
98500 

98994 
99338 

99572 
99728 

99831 
99^97 
99938 

99963 

99979 
99988 

99993 
99996 

99999 


3 


03384 
14587 
25502 
35928 
45689 

54646 
62705 
69810 

75952 
811 56 

85478 

88997 
91805 
94002 
95686 


97084 
98558 
99035 
99366 

99591 
99741 
99839 
99902 
99941 

99965 
99980 

99989 
99994 
99997 
00000 


04511 

5695 
26570 

36936 
46623 

55494 

63459 
70468 

76514 
81627 

85865 
89308 
92051 
94191 

95830 

97059 
97962 

98613 

99074 
99392 

99609 

99753 
99846 

99906 

99944 

99967 
99981 

99989 
99994 
99997 


05637 
16800 

27633 
37938 
47548 

6332 
4203 
7x116 
77067 
82089 

86244 
89612 
92290 
94376 
95970 

97162 
98038 
98667 
99111 
99418 

99626 
99764 

99854 
99911 

99947 

99969 
99982 

99990 
99994 
99997 


6 


06762 
1 7901 
28690 

389 
484 

57162 
64938 

71754 
77610 

82542 

86614 
89910 

92524 
94556 
96105 

97263 
98110 
98719 

99147 

99443 

99642 

99775 
99861 

99915 
99950 

99971 

99983 
99991 

99995 
99997 


07886 
18999 
29742 

39921 
49375 
57982 
55663 
72382 
78144 
82987 

86977 
90200 

9275' 
9473' 
96237 

97360 
98181 

98769 
99182 

99466 

99658 
99785 
99867 
99920 

99952 

99972 

99984 
99991 

99995 
99997 


09008 
20094 
30788 
40901 

50275 

58792 
66378 

73001 
78669 

83423 

87333 
90484 

92973 
94902 

96365 

97455 
98249 

98817 

99216 

99489 

99673 
99795 
99874 
99924 
99955 

99974 
99985 
99992 

99995 
99997 


9 


t 


<10I28 

21184 

3IS28 
41874 

5"67 

9594 
084 

73610 

79184 

83851 

87680 
90761 
93>90 
95067 
96490 

97546 

%\ 

99248 
99511 

99688 
99805 
99880 
99928 
99957 

99975 
99986 

99992 
99996 
99998 


2  n 

the  Definite  Integral  y^^  r*'*  <//,  with  Ej^. 


Taken  from  a  paper  by  Dr.  James  Burgess  'on  mc  iycuiinc  imc^iai  y, 
tended  Tables  of  Values.'    Trans.  Roy.  Soc.  of  Edinburgh,  vol.  xxxix,  1900,  p.  257. 
Smithsonian  Tables. 


Table  26. 
LEAST  8QUARE8. 

This  table  gives  the  values  of  the  probability  P,  as  defined  in  last  table,  corresponding  to  different  values  of 
xl  r  where  r  is  the  "  probable  error."    The  probable  error  r  is  equal  to  0.47694  /  h. 
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0.0 

0.1 
0.2 

0-3 
0.4 

0.5 

0.6 
0.7 
o^ 
0.9 

1.0 

I.I 
1.2 

1-3 
1.4 

1.5 

1.6 

1.7 

i^ 

1.9 

2.0 

2.1 
2.2 

2-3 

2.4 

2.5 

2.6 

2.7 

2.9 


3 

4 
5 


I 


00000 

05378 
10731 

21268 

26407 
3H30 

36317 
41052 

45618 

50000 
54188 

,8171 
1942 

65498 

68833 

71949 
74847 
77528 

79999 

.82266 

86216 
87918 
89450 

90825 
92051 

93 141 
94105 

94954 


.95698 
.99302 
.99926 


00538 
05914 
1 1 264 
16562 
21787 

26915 

31925 

36798 

41517 
46064 

50428 
5459 


1^55, 
62308 

65841 

69155 
72249 

75' 24 

77785 
86235 

82481 

84531 
86394 

88078 
89595 

909W 
92166 

93243 
94'95 
95033 

1 

.96346 
■99431 
•99943 


01076 
06451 
11796 
17088 
22304 

27421 

32419 
37277 
41979 
46509 

50853 
55001 

58942 

62671 

66182 

69474 
72546 
75400 

78039 
80469 

82695 
.84726 
86570 
88237 

89738 

91082 
92280 

93344 
94284 

951 1 1 

2 

96910 

99539 
.99956 


01614 
06987 
12328 
17614 
22821 

27927 
32911 

37755 
42440 
46952 

51277 
55404 

59325 
53032 
66521 

69791 
72841 

75674 
78291 

80700 

82907 
84919 

86745 
!^395 

89879 

91208 

92392 

93443 

94371 
95187 


•97397 
99627 

.99966 


02152 

07523 
12860 

18138 
23336 

28431 
33402 
38231 

42§99 
47393 

5>699 
55806 

59705 
631QI 


70106 
73^34 

75945 
78542 
80930 

•83117 
85109 

.86917 

88550 

90019 

91332 
92503 
93541 
94458 
95263 

4 

.97817 
.99700 
•99974 


02690 
08059 

\m 

2385" 

28034 
33892 
38705 
43357 
47832 

52119 


3 

63747 
67193 

70419 

73425 
76214 

78790 

81 1 58 

83324 
.85298 

87088 

88705 

90157 

91456 
92613 

93638 

94543 
95338 


.98176 
•99760 
.99980 


.03228 

•08594 
.13921 
.19185 

•24364 
.29436 
•34380 
•39178 

.43813 
48270 

.56002 
.60460 
.64102 
.67526 

.70729 

.73714 
.76481 

•79036 
•81383 

.85486 
.87258 
.88857 

•90293 

.91 578 
.92721 

•93734 
•94627 

.954»2 


.98482 
.99808 

.99985 


03766 
09129 

14451 
19707 

24876 

29936 
34866 

39649 
44267 
48705 


52952 


64454 
67856 

7 1038 
74000 

76746 
79280 
.81607 

83734 
85671 

87425 
89008 
90428 

91698 
92828 
93828 
947 1 1 
95484 

7 

98743 
99848 
99988 


8 


14980 
20229 
25388 

30435 
35352 
401 18 

44719 
49139 

53366 

57391 
61205 

64804 

68184 

71344 
74285 

77009 
79522 
81828 

.83936 

85854 

87591 
89157 

90562 

91817 

92934 
93922 

94793 
95557 

8 

.98962 

•99879 
•99991 


04840 
10197 
15508 
20749 
25898 

30933 


1^ 


35 
405 
45169 
49570 

53778 
57782 
61575 
65152 
68510 

71648 

74567 
77270 

79761 

82048 

84137 
.86036 

87755 
89304 
90694 

91935 
93038 
94014 

94874 
95628 


•99147 
•99905 
.99993 


Table  26. 
LEA8T  8QUARE8. 

ValVM  of  tilt  faotor  0.6746a/^. 

This  factor  occurs  in  the  equation  r.  ^  0.6745'%/  ~-   ^^^  ^^  probable  error  of  a  single  observation,  and  other 

similar  equations. 


n 

0 

1 

2 

3 

4 

5 

6 

7' 

8 

9 

00 

0.6745 

0.4769 

0.3894 

0.3372 
.1803 

0.3016 

0.2754 
.1686 

•^flll 

0.2385 

10 

a2248 

0.2133 
.1508 

.2034 

.1947 

.1871 

.1742 

•1590 

20 

•1547 

.1472 

.1438 

.1406 

•1377 

•1349 

•1323 

.1298 

.1275 

30 
40 

.1252 
.1080 

.1231 
.1066 

.1211 
.1053 

.1192 
.1041 

.1174 
.1029 

.1157 
.1017 

.1140 
.1005 

.1124 
.0994 

.1109 
.0984 

.1094 
.0974 

50 

0.0964 

0.0954 

0.0944 

0.0935 

0.0926 

0.0918 

0.0909 

0.0901 

0.0893 

0.0886 

60 

.0878 

.0871 

.0864 

.0857 

■07^ 

.0843 

.0837 

•0830 

.0824 

.0818 

70 

.0812 

.0806 

.0800 

.0795 

.0784 

.0779 

.0774 

.0769 

.0764 

80 

.0759 

.0754 

•0749 

•0745 

.0740 

.0736 

.07';'» 

•0727 

•°?o3 

•°?i9 

90 

.0715 

.0711 

.0707 

.0703 

.0699 

.0696 

.0692 

.0688 

.0685 

.0681 
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Table  27.-  LEAST  SQUARES. 

ValuM  of  tht  faotor  0.6746^ 


'yjnin^i) 


This  factor  occurs 


_  .  for  tne  probable  error  of  the  arithmetic 


n 

^ 

1 

2 

3 

4 

6 

6 

7 

8 

9 

00 

0.4769 

0.2754 

0.1947 

0.1508 

O.I  23 1 

0.1041 

0.0901 

0.0795 

10 

0.071 1 

0.0643 

.0587 

.0540 

.0500 

.0465 

•0435 

.0409 

.0386 

■0365  , 

20 

.0346 

.0329 

.0314 

.0300 

.0287 

.0275 
.0196 

.0265 

.0255 
.0185 

.0245 

•0237  , 

30 

.0229 

.0221 

.02?  4 

.0208 

.0201 

.0190 

.0180 

.0175  1 

40 

.0171 

.0167 

.0163 

.0159 

•015s 

.0152 

.0148 

.0145 

.0142 

.0139 

50 

0.0136 

0.0134 

0.013 1 

0.01 28 

0.01 26 

0.0124 

0.01 22 

0.01 19 

aoii7 

0.01 15 
.0098 

60 

.0113 

.0111 

.0110 

.0108 

.0106 

.0105 

.0103 

.0101 

.0100 

i^ 

.0097 
.0085 

.0096 
.0084 

.0094 
.0083 

.0093 
.0082 

.0092 
.0081 

.0091 
.0080 

.0089 
.0079 

.0088 
.0078 

.0087 
.0077 

.0086 
.0076 

90 

.0075 

.0075 

.0074 

•0073 

.0072 

.0071 

.0071 

.0070 

.0069 

.006S 

Table  28. -LEAST  SQUARES. 

ValAM  of  tlio  teolor  0.8468' 


This  factor  occurs  in  the  approximate  equation  r  =0.8453 


for  the  probable  error  of  a  single  observatioii. 


n 

^ 

1 

2 

3 

4 

6 

8 

7 

8 

9 

00 

0.5978 

0.3451 

0.2440 

0.1800 
•0583 

0.1543 
.0546 

0.1304 

O.IIJO 

.0483 

0.0996 

10 

0.089T 

0.0806 

.0736 

.0677 

.0627 

.0513 

•0457 

20 

.0434 
.0287 

.0412 

!o268 

.0376 

.0360 

•0345 

.0332 

•0319 

'<^3^7 

•0297 

30 

.0277 

.0260 

.0252 

.0245 

.0238 

.02J2 
.0182 

.0225 
.0178 

.0220 

40 

.0214 

.0209 

.0204 

.0199 

.0194 

.0190 

.oM 

.0174 

50 

0.017 1 

0.0167 

0.0164 

0.01 61 

o.oi  58 

0.0155 

0.0152 

0.01 50 

0.0147 

0.0145 

60 

.0142 

.0140 

.0137 

•013s 

•0133 

.0131 

.0129 

.0127 

.0125 

.0123 
.0108 

70 

.0122 

.0120 

.0118 

.0117 

■01 15 

.0113 

.0112 

.0111 

.0109 

80 
90 

.0106 
.0094 

.0105 
•0093 

.0104 
.0092 

.0102 
.0091 

.0101 
.0090 

.0100 
.0089 

.ooS, 

•^ 

.0097 
.0087 

.0096 
.0086 

Table  29. -LEAST  SQUARES. 

1 


Valnti  of  0.8468- 


^V"— 1 


This  factor  occurs  in  the  approximate  equation  rQ= 0.8453 


Sr 


'V«-> 


for  the  probable  error  of  the  arithmetical  mean. 


n 

^ 

1 

a 

3 

4 

6 

8 

7 

8  ' 

9 

00 

0.4227 

°Ti 

0.1220 

0.0845 

0.0630 

0.0493 

0.0399 

0.0332 

10 

0.0282 

0.0243 

.0212 

.0167 

.0151 

.0136 

.0124 

.0114 

•OIO5 

20 

.0097 

.0090 

.0084 

.0078 

.0073 

.0009 

.0065 

.0061 

.0058 

■0055 

30 

.0052 

.0050 

.0047 

.0045 

.0043 

.0041 

.0040 

.0038 

.0037 

■0035 

40 

.0034 

•0033 

.0031 

.0030 

.0029 

.0028 

.0027 

.0027 

.0026 

.0025 

50 

0.0024 

0.002^; 

0.0023 

0.0022 

0.0022 

0.0021 

0.0020 

0.0020 

O.00T9 

0.0019 

60 

.0018 

.001  J; 

.0017 

.0017 

.0017 

.0016 

.0016 

.0016 

.0015 

.0015 

70 

.0015 

.0014 

.0014 

.0014 

.0013 

.0013 

.0013 

.0013 

.0012 

.0012  ' 

80 

.0012  ■ 

.0012 

.0011 

.0011 

.0011 

.OOTI 

.0011 

.0010 

.0010 

.  .0010  1 

90 

.0010 

.0010 

.0010 

.0009 

.0009 

.0009 

.0009 

.0009 

.0009 

.0009 

I 
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Table  30.  59 

LEAST  SQUARES. 


Observation  equations : 

aizi  -h  biZj  +  .  .  .   liZq  =Mi,  weight  pi 
ajzi  -f-  bsZs  +  .  .  .  laZq  =  Mj.  weight  ps 


anZi  +  bnZa  +  .  .  .    In^q  =  Mn,  weight  pn. 

Auxiliary  equations : 

[paal     =piaf      -hpgal      -h  .  .  .  pna^. 
[pabj    =  piaibi  +  paajba  +  .  .  .  pnanbD. 

[paM]  =  piaiMi  +  psaaMj  +  .  .  .  pnaoMn. 

Normal  equations : 

fpaa]2i+  [pablzj  +  •  •  •  [pallzq  =  FpaMl 
pabjzi  +  [pbbjzg  +  .  .  .  [pbljz,  =  [pbMj 

[pla]zi  +  [plbjza    +  .  .  .  [pUJzq  =  [plM]. 

Solution  of  nonnal  equations  in  the  form, 

zi  =  AifpaM] -h  Bi[pbMl  +  .  .  .  LifplMJ 
Z2  =  AatpaM]  +  B2[pbM]  +  .  .  .  L2LPIMJ 

z,  =  An[paM]  +  B„[pbMJ  H-  .  .  .  LnrplM], 


gives 


weight  of  zi  =  Pzi'=  (Ai)-^ ;  probable  error  of  zi  = — L« 

T 

weight  of  zj  =  pzj  =  (Bj)-* ;  probable  error  of  z^  = — -_ 

\/px. 


weight  of  zq  =  pi   =  (Ln)~*;  probable  error  of  zq  = 


VPx^ 


wherein 


r  s=  probable  error  of  observation  of  weight  unity 
=  0.6745  -%/     ^    .  (q  unknowns.) 


Arithmetical  mean,n  observations: 


r  =  0.6745  -KJ  — —  ssa       ^'^  (approx.)  =probable  error  of  ob- 

^'^"^      \/n(n— i)*  servation  of  weight  unity. 


ro  =  0.6745-y/        "^       —  ^'  '^;j__^-      (approx. )  =  probable 
\n(n-i)         nVn-i  of  mean. 


error 


Weighted  mean,  n  observations: 

r  =  0.674S  V  V.-7=  '»  =ci?=°-^^'*5  Vo^oT; 

Probable  error  (R)  of  a  function  (Z)  of  several  observed  quantities  zi,  zj,  .  .  .  wh^se 
probable  errors  are  respectively,  ri,  rj,  .  .  .  . 

Z   =  f  (zti  za.  .  •  .) 

Examples : 

Z  =  zi  ±  za  -h  .  .  .  R2  =  rj  +  rj  +  .  .  . 

Z  =  Azi  ±  Aza  ±  .  .  .  R«  =A«  rj  +  B«rJ-|-  .  .  . 

Z  =  zi  zs.  R*  =  z,«  rj  +  zj  •rj. 
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Table  31. 
DIFFUSION. 

Inverse*  values  of  2^ /i-s  1  — —T—    /    er^dq^ 

log  X  =  log  (2^)  +  log\/^    /  expressed  in  seconds. 

=  log  d  +  logV^-    ^  expressed  in  days. 

=  log  7  +  log  \/Kt,  "         "  years. 

k  =>  coefficient  of  diffusion.! 
c  s=  initial  concentration. 
V  =  concentration  at  distance  jr,  time  /. 


v/c 

0.00 

l0g2f 

ay 

log  4 

« 

logy 

Y 

+  00 

+  00 

+  00 

+  00 

00 

00 

.oi 

0.56143 

3.6428 

1  3-02970 

1070.78 

4.31098 

20463. 

.02 

.51719 

3.2900 

2.98545 

967.04 

.26674 

I848I 

•03 

48699 

3.0690 

•95525 

Q02.90 
853-73 

.23654 

17240 

.04 

.46306 

2.9044 

-93132 

.21261 

16316 

0.05 

0.44276 

2.7718 

'  2.91 102 

814.74 

4.I923I 

»557i. 

.06 

.42486 

2.6598 
2.5624 

.89511 

781.83 

.17440 

14942, 

•07 

.40865 

.87691 

753.20 

.15820 

14395 
13908. 

.08 

•39372 

2.4758 

.86198 

727-75 

.14327 

.09 

•37979 

,  2.3977 

.84804 

704.76 

.12933 

<3469. 

0.10 

0.36664 

,  2.3262 

2.83490 

646.?! . 

4.I1619 

13067. 

.11 

.35414 

2.2602 

.82240 

.10369 

12697. 

.12 

.34218 

2.1988 

.81044 

.OQI73 
.08022 

12352. 

•13 

•33067 

2.1413 

t   79893 

629.40 1 

12029. 

.14 

•31954 

2.0871 

1   .78780 

6i3'47 

.06909 

11724. 

0.15 

0.30874 

2.0358 

1  2.77699 

598.40 

4.05828 

1 1 436. 

.16 

.29821 

1. 987 1 

.76647 

584.08 

;  .04776 

11162. 

.«7 

.23793 
.27786 

1.9406 

-75619 

•570.41 

1  -03748 

10901. 

.18 

1. 8961 

.74612 

557-34  1 
544.80 

!  .02741 

10652. 

.19 

.26798 

1-8534 

.73624 

.01753 

10412. 

0.20 

0.25825 
:24866 

I.8124 

2.72651 

532.73  1 

4.00780 

10181. 

.21 

1.7728 

'  .71692 

521.10 

3-99821 

9958-9 

.22 

•23919 

1-7346 

•70745 

509.86 

.98874 

9744.1 

•23 

.22983 

1.6976 

:  .69808 

498.98  , 

-97937' 

9536.2 

.24 

.22055 

I.6617 

.68880 

488.43 

.97010 

9334-6 

0.25 

0.21 134 

1.6268 

2.67960 

478.19 

3.96089 

9'38-9 

.26 

.20220 

1-5930 

.67046 

468.23 

.94266 

8948.5 

•27 

.19312 

1.5600 

.66137 

458.53 
44908 

8763.2 

.28 

.18407 

1.5278 

1  -65232 

.93361 

8582.5 

.29 

.17505 

1.4964 

1  -64331 

439-85 

.92460 

8406.2 

0.30 

0.16606 

14657 

2.63431 

430.84 

3-91560 

.80765 
.88867 

8065.4 

•3" 

.15708 

'•4357 
1.4064 

.62533 

422.02 

■32 

.14810 

.61636 

413-39 

7900.4 

•33 

.13912 

1-3776 

!  .60738 

404.93 

7738.8 
7580.3 

•34 

.13014 

1-3494 

,  .59840 

396.64 

-87969 

0.35 

0.12114 

1-3217 

i  2.58939 

388.50 

3.87068 

7424.8 

.36 

.11211 

1.2945 
1.2678 

1  -58037 

38o.a 
372.66 

.86166 

7272.0 

'37 

.10305 
.09396 

1  -57131 

.85260 

7122.0 

•3« 

1.2415 

.56222 

364.93 

.8435^ 

6974.4 

•39 

.08482 

1.2157 

•55308 

357.34 

.83437 

6829.2 

0.40 

0.07563 

1. 1902 

2.54389 

349.86 

3.82518 

6686.2 

.41 
.42 

.06639 

.05708 

1. 1652 
1. 1405 

.53464 
1  .52533 

342.49  1 
335-22 

328.06 

!8cJ62 

6545-4 
6406.6 

•43 

.04770 

1.1161 

-51595 
.50650 

.79724 

6269.7 

.44 

.03824 

1.0920 

320.99  1 

.78779 

6134.6 

0.45 

0  02870 

1.0683 

,  2.49696 

314.02 

3.77825 

6001.3 

.46 

.01907 

1.0449 

,  -48733 

307-13 

.76S62 

5869.7 

•47 

.00934 

1.0217 

'  .47760 

300.  J3 

.75889 

5739-7 

.48 

9.99951 

0.^886 

,  -46776 

-74905 

5611.2 

■49 

.9S956 

0.97624  ' 

.45782 

286!96  ' 

•739" 

5484.1 

0.50 

997949 

0.95387 

2.44775 

280.38 

372904 

5358.4 

t  Kelvin,  Mathematical  and  Physical  Papers,  toI.  III.  p.  428  ;  Becker,  Am.  Jour, 
of  Sci.  vol.  1 1 1.  1897,  p.  280.  •  For  direct  values  see  table  a«. 
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Table  31  UoHtinittd). 
DIFFUSION. 


6i 


v/c 

0.50 

•5' 
•52 

•53 
•54 

log  2^ 

xq 

logs 

logy 

y 

9-97949 
.96929 

.95896 

.94848 

•93784 

©•95387 
•93174 

:^^ 

.86665 

2.44775 

■43755 
.42722 

.41674 
.40610 

280.38 

273-87 
267.41 
261.00 

254.74 

.70851 
^68739 

5358-4 

5234.' 
5111.0 

^!4 

0.55 

.56 

•57 
.58 

•59 

9.92704 
.91607 
.90490 

•!2354 
.88197 

0.84536 
.82426 

.78260 
.76203 

2^39530 
.38432 
.373'6 
.36180 

.35023 

248.48 
242.28 
236.13 
230.04 

223.99 

•65445 
.64309 

.63152 

4748.9 
4630.3 

4512.8 

4396^3 
4280.7 

0.60 

.61 
.62 

•64 

9.87018 

.84587 

•?3332 
.82048 

0.74161 

•72135 
.701 24 

.68126 

.66143 

2.33843 
.32640 

.31412 

•3?157 
.28874 

217.99 
212.03 
206.12 

2Cp.25 
194.42 

361973 
.60770 

•52541 
.58286 

.57003 

4166.1 
4052.2 

3939.2 
3827.0 

3715-6 

0.65 

.66 
.67 
.68 
.69 

9.80734 
.79388 
.78008 
.76590 

•75<33 

0.64172 
.62213 
.60260 

•58331  i 
.56407 

2.27560 
.26214 

.24833 
.23416 

.21959 

188.63 
182.87 

177.15 
171.46 

165.80 

3^55689 

•54343 
.52962 

.50088 

3604.9 
3494.9 
33^5.4 
3276.8 
3168.7 

0.70 

.71 
•72 

'7Z 
•74 

9-73634 
.72089 

.70495 
.68849 

.67146 

148808 
.46931 

2.20459 

1    .1S915 
.17321 

•V5675 

.13972 

1 

160.17 
154.58 
149.01 

M3-47 
137.95 

3.48588 
.47044 

•45450 
.43804 
.42101 

3061.1 
2054.2 
2847.7 
2741.8 
2636.4 

0.75 

.76 

•77 
.78 

.79 

9.65381 

•59662 
•57590 

0.45062 
.43202 
.41348 

•39502 
.37662 

2.12207 
.10376 
.08471 
.06487 
.04416 

132.46 
126.99 
121.54 
116.11 
110.70 

3.40336 

.38505 
.36600 

.34616 
■32545 

2531.4 
2426.9 

2322.7 

2219.0 

2115.7 

0.80 

.81 
.82 

.84 

9-55423 
.53150 
.50758 

•48235 
•45564 

0.35829 
.34001 
.32180 

•30363 
.28552 

2.02249 

1.99975 
•97584 
.95061 

.92389 

105.31 

99.943 
94.589 
89.250 

83^926 

3-30378 
.28104 

-25713 
.23190 

.20518 

2012.7 

IQIO.O 
1807.7 
1705.7 
1603.9 

0.85 

.86 

•87 
.88 

•89 

9.42725 

•39695 

•36445 
.32940 

•29135 

0.26745 

.24943 

•23145 
.21350 

•'9559 

1. 89551 
.86521 
.83271 
.79766 
.75961 

78.615 

68.032 

62.757 
57-492 

3.17680 
.14650 
.11400 

•07895 
3.04090 

I  502.4 
I4OI.2 
1300.2 
1199.4 
1098.7 

0.90 

•91 
.92 

•93 
•94 

9.24972 
.20374 

•15239 

■09423 

9.02714 

0.17771 
.15986 

.14203 

.12423 

.10645 

1.71797 
.67200 

.62065 

.56249 
.49539 

52-236 
46.989 

41.750 
36.5'6 
31.289 

2.99926 

•95329 
.90194 

.84378 
.77668 

898.03 
597.98 

0.95 

.96 

97 
•98 

•99 

8.94783 
.85082 
.72580 

■54965 
•24859 

0.08868 

.07093 
.05319 
•03545 
•01773 

1.41609 

■31907 
.19406 

.01791 

0.71684 

26.067 
20.848 

1 5^633 
10.421 

5.21007 

2.69738 
.60036 

■47535 
.29920 

1.99813 

498.17 
398.44 
298.78 
199.16 

99.571 

1.00 

—  00 

0.00000 

—  00 

0.00000 

—  00 

0.000 
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Table  32. 
GAMMA  FUNCTION.* 


Valnt 


of  toff  i    e~'i 

Jo 


.«— 1 


'»"-'<!» +  10. 


0 

for  values  of  n  between  i  and  2.     When  «k  has  vahies  not  lying  between  i  and  a  the  valae  of  the  ft  nction  can  be 

readily  calculated  frcm  the  equation  T[m-\-i)  =  nV\H)  =  M(n—i)  .  .  .  («— r)r(«— r). 


n 


1.00 

I.OI 

1.02 
1.03 
1.04 

1.05 

1.06 
1.07 
i.oS 
1.09 

1.10 

1. 11 

1. 12 

1. 14 

1.15 

1. 16 

i.iS 
1. 19 

1.20 

1.21 
1.22 
1.23 
1.24 

1.25 

1.26 
1.27 
1.28 
1.29 

1.30 

I-3I 
1.32 

1-33 
1-34 

1.35 

1.36 

^yj 

1-39 

1.40 

1. 41 
1.42 

1-43 
1.44 


9-99 

75287 

51279 
27964 

05334 

99883379 
62089 

41455 
21469 

02123 

9.9783407 

65313 
47834 
30962 

14689 

9.9609007. 
83910 

69390 
55440 
42054 

9.962922  q 

16946 

05212 

594015 

83350 

9957321 1 
63592 

54487 
4589" 
37798 

9.9530203 
23100 
16485 

^0353 
04698 

9-9499515 
94800 

90549 
86756 

83417 

9.9480528 
78084 
76081 

74515 
73382 


97497 
7285 

4891 

25671 

03108 

81220 

59996 
39428 
19506 
00223 

81570 

63538 
46120 

29308 
13094 

9747  > 
82432 

67969 
54076 
40746 

27973 
15748 
04068 
92925 
82313 

72226 
62658 

53604 

45059 
37016 

29470 
22417 
15850 
09766 
04158 

99023 

94355 
90149 

86402 

83108 

80263 
77S64 

75905 
74382 
73292 


95001 

70430 
46561 

23384 


79068 
57910 
37407 
'7549 

95329 
79738 

61 7& 
4441 1 

27659 
11505 


5941 


66554 
52718 

39444 

26725 
14556 
02930 
91840 
81280 

71246 
61730 

52727 
44232 

36239 

28743 

21739 
15220 

09184 

03624 

98535 
93913 
89754 
86052 

82803 

80003 
77648 

75733 
74254 
73207 


92512 
6801 1 
44212 
21 104 

9S577 

76922 

55830 
35392 

'5599 
96442 

77914 
60005 

42709 
26017 

09922 

94417 

79493 
6514 

5'3 
38147 

25484 

13369 
01796 

90760 

80253 

70271 
60806 

51855 
43410 

35467 

28021 
21065 

14595 
08606 

03094 

98052 
93477 
89363 
85707 
82503 

79748 
77Ay? 
75565 
74130 
73125 


90030 
65600 
41870 
18831 

96471 

7A7^3 
53757 
33384 
£3655 

94561 

7609 

5824 
41013 

24381 
08345 

92898 
78033 

63742 
50019 

36856 

24248 
12188 
00669 
89685 
79232 

69: 

5^ 
50988 

42593 
34700 

27303 
20396 

13975 
08034 

02568 

97573 
93044 
88977 
85366 
8220S 

79497 
77230 
75402 
74010 

73049 


63196 

39535 
16564 

94273 

72651 
51690 
31382 

74283 
56497 

39323 
22751 

06774 

91386 
76578 
62344 
48677 
35570 

23017 
I  ion 


78215 

68337- 

58975 
50126 

41782 
33938 

26590 

19732 

'3359 
07466 

02048 

97100 
92617 

88595 
85030 
81916 

79250 

77027 

75243 
73894 
72976 


85087 
60798 
37207 

14305 
92080 

70525 
49630 
29387 

72476 

5475 
3763; 
21 1 26 

05209 

89879 

75'29 
60952 

47341 
34290 

21792 
09841 

984^ 

87553 
77204 

67377 
58067 

49268 

40975 
33'8i 

25883 

19073 
12748 

06903 

01532 

96630 
92194 
88218 
84698 
81630 

79008 
76829 

75089 
7378:5 
72908 


82627 
58408 
34886 
12052 
89895 

68406 

47577 
27398 
07860 

9S5 


88 


70676 

53014 
35960 
19508 
03650 

88378 
73686 
59566 
4601 1 
33016 

20573 


8 


973^ 
86494 

76198 

66423 

57 '65 
48416 

40173 
32429 

25180 
18419 
12142 

06344 
01021 

96166 
91776 
S7846 

84371 
81348 

78770 
76636 

74939 
73676 
72844 


80173 
56025 

32572 


877^ 


66294 
45530 

25415 
05241 

87100 

68882 
51281 
34288 
17896 
02096 

86883 
7224S 
58185 
44687 
3' 747 


65474 
56267 

47570 
39376 
3'682 

24482 
17770 
11541 

05791 
00514 

95706 
91362 

87478 
84049 
81070 

76446 

74793 
73574 
72784 


77727 
53648 
30265 
0^562 

5S544 

64188 
43489 

23439 
04029 

85250 

67095 

49555 
32622 

T6289 
00549 

85393 
70816 

56810 

43368 

30483 

181 50 
06361 

95'" 

84393 
74201 

64530 

55374 
46728 

38585 
30940 

23789 
17125 

10944 

05242 

00012 

95251 

90953 
871 1 5 

83731 
80797 

78308 
76261 
74652 
73476 
72728 


•  Legcndre**  **Exercisc8  de  Calcul  Integral,"  tome  ii. 
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Table  32  (f<»«/*«w</). 

^3 

GAMMA  FUNCTION. 

H 

1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

» 

1.45 

1.46 

148 
149 

9.9472677 

72397 

72539 

73097 
74068 

72630 

72393 
72576 

7317s 
74188 

72587 
72392 
72617 

73258 
74312 

72549 
72396 
72662 

73345 
74440 

72514 
72404 
72712 

73436 
74572 

72484 
72416 
72766 

73531 
74708 

72459 
72432 
72824 

73630 
74848 

72437 

73734 
74992 

72419 

72477 
72952 
73841 
75141 

72406 
72506 
73022 

73953 
75293 

1.50 

1.51 
1.52 

1-53 
1.54 

9-9475449 
77237 
79426 
82015 

84998 

75610 

774-j- 

79667 

85318 

75774 
77642 
79912 
825S0 
85642 

75943 
77851 
80161 
82868 
85970 

761 16 
78064 
80414 
83161 
86302 

76292 
78281 
80671 

86638 

76473 
78502 

?^32 
83758 
86977 

76658 

7^727 
81196 
84062 

87321 

76847 
78956 
81465 

84370 
87668 

77040 
79189 
81738 
84682 
88019 

1.55 

1.56 

'•57 
1.58 

1.59 

9.9488374 

92139 
96289 

500822 
05733 

88733 

92537 
96725 

01296 
06245 

89096 

92938 
97165 
01774 
06760 

89463 
93344 
97609 
02255 
07280 

89834 

93753 
9^055 

02741 

07803 

90208 
94166 
98508 
03230 
08330 

90587 

94583 
98963 

90969 
95004 

99422 

04220 

09395 

91355 

95429 
99885 

04720 
09933 

91745 
25857 

00351 
05225 

10475 

1.60 

1. 61 
1.62 
1.63 
1.64 

9.951 1020 
16680 
22710 
29107 

35867 

II569 

17267 

36563 

I2T22 

17857 
23960 

30430 
37263 

12679 

18451 
24591 

37966 

13240 
19048 
25225 

38673 

13804 

19649 
25863 

32442 

39383 

14372 
20254 
26504 
33120 
40097 

IT. 

27149 
33801 
40815 

i55'9 
21475 
27798 

41536 

16098 
22091 
28451 

35175 
42260 

1.65 

1.66 
1.67 
1.68 
1.69 

9-9542980 
75028 

43721 
51236 
59106 

67329 

75901 

44456 
52007 

68170 
76777 

45 '95 
52782 

00723 

69015 

77657 

45938 

78540 

46684 

54342 

62353 
70716 

79427 

47434 

55127 

63174 

71571 
80317 

48187 

55916 

63998 

72430 
81211 

48944 
56708 
64825 

73293 
82108 

49704 
I5I56 

1.70 

1.71 
1.72 

^'73 
174 

9.9583912 

93141 
602712 

12622 

22869 

84820 

94083 
03688 

13632 
23912 

85731 
95028 

04667 

14645 
24959 

86645 
95977 

26009 

87563 

96929 
06636 
I668I 

27062 

88484 

97884 
07625 
17704 
28118 

89409 

98843 
08618 

18730 

29178 

90337 
99805 
09614 
1976Q 
30241 

2T?68 
00771 
10613 

20793 
31308 

92203 
01740 
11616 
21830 

32377 

1.75 

1.76 

'•7Z 
1.78 

1-79 

9-9633451 
44364 

67176 
79070 

34527 
45473 
56749 

68351 

80277 

35607 
46586 

57894 

§9529 
81488 

36690 
47702 

59043 
70710 

82701 

48821 

60195 

83918 

38866 

49944 
613S0 

73082 

85138 

39959 
51070 
62509 

74274 
86361 

41055 

^2199 
63671 

75468 
87588 

42155 
S3pi 

76665 
88818 

43258 

54467  " 
66004 

77866 

90051 

1.80 

1. 81 
1.82. 

1.83 
1.84 

9.9691287 

29848 
43331 

92526 

05095 

17981 
3II82 

44697 

06369 
19287 

46065 

95014 
07646 
20596 
33860 

47437 

96263 
08927 
21908 

97515 
10211 

23224 

36551 
50190 

98770 
11498 
24542 
37900 

51571 

00029 
12788 
25864 

39254 
52955 

01 291 
14082 
27189 
40610 
54342 

0255g 

15378 
28517 
41969 
55733 

1.85 

1.86 
1.87 
1.88 
1.89 

9.9757126 

71230 

85640 

800356 

»5374 

58522 
87098 

01844 

16893 

59922 
74087 

88559 

03335 
184I4 

61325 

75521 
90023 

04830 
19939 

62730 

76957 
91490 

06327 

21466 

64139 

78397 
92960 

07827 

22996 

65551 
79839 
94433 
09331 

24530 

66966 
81285 

95909 
10837 

26066 

68384 
82734 

97389 
12346 

27606 

69805 
84186 
98871 

13859 
29148 

1.90 

1. 91 
1.92 

1-93 
1.94 

9-9830693 

62226 
78436 
94938 

32242 

47890 

63834 
80073 
96605 

33793 

49471 

65445 

81713 
98274 

35348 

5'°55 
67058 

83356 
99946 

36905 
52642 

68675 
85002 

01 62 1 

38465 
54232 

03299 

40028 

55825 

7»9i7 
88302 

04980 

41595 
57421 
73542 

43164 
59020 
75170 
91614 

08350 

44736 
60621 
76802 

93275 
10039 

1.95 

1.96 

'•97 
1.98 

1.99 

9.991 1732 
28815 
46185 
63840 

'  81779 

13427 
30539 

47937 
65621 

83588 

15125 
32266 

49693 
67405 

85401 

16826 

33995 

51451 
69192 

87216 

18530 
35728 

53213 
70982 

89034 

20237 
37464 
54977 
72774 
90854 

21947 
39202 

56744 
74570 
92678 

23659 
40943 

94504 

^5375 
42688 

60286 
78169 
96333 

27093 

44435 
62062 
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Table  32. 
GAMMA  FUNCTION.* 


Valve 


of  toff  Pe— »— ' 


(to +  10. 


X 


30 


Values  of  the  logarithms  -f-  lo  of  the  "  Second  Eulerian  Integral "  (Gamma  function)    I     r-«j^*-^dx  ci  log  r(«H-"« 

Jo 

for  values  of  h  between  i  and  2.     When  «k  has  values  not  Ijring  betiveen  i  and  a  the  value  of  the  ft  notion  can  be 
readily  calculated  frtm  the  equation  V{m-\-i)  =  nT\n)  =:  i»(«— i)  ,  .  .  («— r)r(«— r). 


1.00 

I.OI 

1.02 
1.03 
1.04 

1.05 

1.06 
1.07 
1.08 
1.09 

1.10 

I. II 
1.12 

1. 14 

1.15 

1. 16 

1. 18 
1.19 

1.20 

1. 21 
1.22 
1.23 
1.24 

1.25 

1.26 
1.27 
1.28 
1.29 

1.30 

I-3I 
1.32 

'•33 
1-34 

1.35 

1.36 

1-37 
1-3^ 
'•39 

1.40 

1.41 

1.42 

143 
1.44 


9-99 

75287 

51279 
27964 

05334 

99883379 
62089 

41455 
21469 

02123 

9.9783407 

65313 

47834 
30902 

146S9 

9.9609007. 
83910 

69390 
55440 
42054 

9.9629225 
16946 
05212 

594015 
83350 

9-957 32  J I 
63592 
54487 
45891 
37798 

99530203 
23100 
16485 

10353 
04698 

9-94995  <  5 
94800 

90549 
86756 

83417 

9.9480528 
78084 
76081 

745»5 
73382 


97497 

72^55 
48916 

25671 

03108 

81220 

59996 
39428 
19506 
00223 

81570 

63538 
46120 

29308 
13094 

97471 
82472 

67969 

54076 

40746 

27973 
15748 

04068 

92925 

82313 

72226 
62658 

53604 

45059 
37016 

29470 
22417 

09766 
04158 


99023 

94355 
149 

6402 

83108 


86 


80263 

77864 

75905 
74382 
73292 


79068 

57910 

37407 

I7M2 
95329 

79738 
61768 
44411 

27659 
"505 

95941 
80960 

66554 
52718 

39444 

2672 

M55 
02930 

91840 

81280 

71246 
61730 

52727 
44232 

36239 

28743 

21739 
15220 

09184 

03624 

98535 

93913 

89754 
86052 

82803 

8000^ 
77648 

74254 
73207 


92512 
68011 
44212 
21 104 

9S577 

76922 

55830 
35392 

\m. 
42 


904 


77914 
60005 

42709 

26017 

09922 

94417 
79493 
6514 

38147 

25484 

"3369 
01796 

90760 

80253 

70271 
60806 

51855 
43410 

35467 

28021 
21065 

H59« 


03094 

9S052 

93477 

89363 

85707 

82503 

79748 
77Ayi 
75565 
74130 
73125 


90030 
65600 
41870 
18831 

96471 

74783 

53757 

33384 
13655 

94561 

7609;; 
58248 
41013 
24381 

08345 

9289S 
78033 
63742 
50019 
36856 

24248 
12188 
00669 
89685 

79232 

69301 
59888 
50988 

42593 
34700 

27303 
20396 

13975 
08034 

02568 

97573 
93044 
88977 
85366 
52208 

79497 
77230 
75402 
74010 

73049 


63196 

39535 
16564 

94273 

72651 
516Q0 
31382 

"717 
92686 

74283 
56497 

39323 
22751 

06774 

91386 
76578 
62344 
48677 
35570 


23017 

IIOII 


(8616 
78215 

68337. 

58975 
501 26 

41782 
33938 

26590 
19732 

13359 
07466 

02048 

97100 
92617 
88595 

85030 
81916 

79250 

77027 

75243 
73894 
72976 


85087 
60798 
37207 

14305 
92080 

70525 
49630 

29387 

^ 

72476 

54753 
37638 
21126 
05209 

89879 

75129 
60952 

47341 
34290 

21792 
09841 
^4^ 
87553 
77204 

67377 
58067 

49268 

40975 
33181 

25883 

19073 
12748 

06903 

01532 

96630 
92194 
88218 
84698 
81630 

79008 
76829 
75089 

7378^ 
72908 


82627 
58408 
34886 
12052 
89895 

68406 

47577 
27398 
07860 

9S5 


88 


70676 

53014 
35960 
19508 
03650 

88378 
73686 
59566 
4601 1 
33016 

20573 


86494 
76198 

66423 
57165 
48416 

40173 
32429 


M 


180 
419 
12142 

06344 
01 02 1 


96166 
91776 
87846 

84371 
81348 

78770 
76636 

74939 
73676 
72844 


8 


80173 
56025 

32572 


877I6 


66294 

45530 

25415 
05241 

87100 

68882 
51 281 
34288 
17896 
02096 

86883 
72248 
58185 
446S7 
3^747 

19358 

OTili 
96212 

85441 
75197 

65474 
56267 

47570 

24482 
17770 

"541 

05791 
00514 

95706 
91362 

87478 
84049 
81070 

78537 
76446 

74793 
73574 
72784 


77727 

53648 
30265 
07562 

85544 

64188 

43489 

23439 
04029 

85250 

67095 

49555 
32622 

16289 
00549 

85393 
70816 

56810 

43368 

30483 

18150 
06361 
05111 

84393 
74201 

64530 

728 

38585 
30940 

23789 
17125 

10944 

05242 

00012 

95251 

90953 
87115 

8373« 
80797 

78308 
76261 
74652 
73476 
72728 


*  Legendre*s  ^'Exercises  de  Calcul  Integral,"  tome  ii. 
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TABUC  32iCffMttMWd). 

^3 

GAMMA  FUNCTION. 

N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1.45 

1.46 

1.47 

'  1.48 

1.49 

9.9472677 
72397 
72539 

74068 

72630 

72393 
72576 

73175 
74188 

72587 
72392 
72617 

73258 
74312 

72549 

72662 

73345 
74440 

72514 
72404 
72712 

73436 
74572 

72484 
72416 

72766 

73531 
74708 

72459 
72432 
72824 

73630 
74848 

72437 
72452 
72886 

73734 
74992 

72419 

72477 
72052 

73841 
75141 

72406 
72506 
73022 

73953 
75293 

1.50 

1.51 

.  '-52 

1-53 

1-54 

9-9475449 

77237 
79426 
82015 

84998 

75610 

79667 
82295 
85318 

75774 
77642 

79912 

82580 

85642 

75943 

80161 
82868 
85970 

76116 
78064 
80414 
83161 
86302 

76292 
78281 
80671 

?3457 
86638 

76473 
78502 

80932 

76658 
78727 
81196 
84062 

87321 

76847 
78956 
81465 

84370 
87668 

77040 

791  8q 
81738 
84682 
88019 

1.55 

1.56 

'•57 
1.58 

1.59 

9.9488374 

92139 
96289 

500822 
05733 

88733 
92537 
96725 

01296 
06245 

89096 

92938 
97165 
01774 
06760 

89463 

93344 
97609 

02255 

07280 

89834 

93753 
9Jo5§ 

02741 

07803 

90208 
94166 
98508 
03230 
08330 

90587 

94583 
98963 
03723 
0J860 

90969 
95004 

99422 

04220 

09395 

91355 
95429 
99885 
04720 

09933 

91745 

95857 
00351 

05225 
10475 

1.60 

1. 61 
1.62 
1.63 
1.64 

9.95  II 020 
16680 
22710 
29107 
35867 

11569 
17267 

36563 

12122 

17857 
23960 

30430 
37263 

12679 
18451 
24591 

31097 
37966 

13240 
19048 
25225 

31767 
38673 

13804 

19649 
25863 
32442 

39383 

14372 
20254 
26504 
33120 
40097 

14943 
20862 

27149 

33801 

40815 

i55'9 
21475 
27708 

41536 

16098 
22091 
28451 

35175 
42260 

1.65 

1.66 
1.67 
1.68 
1.69 

9.9542980 

75028 

43721 
51236 
59106 

07329 
75901 

44456 
52007 

68170 
76777 

45195 
52782 

60723 

69015 

77657 

45938 
78540 

46684 
54342 

62353 
70716 

79427 

47434 
55127 
63174 
71571 
80317 

48187 

55916 

63998 

72430 
81211 

48944 
56708 
64825 

82108 

49704 
65I56 

1.70 

1.71 
1.72 

'•73 
1.74 

9.9583912 

93>4i 
602712 

12622 

22869 

84820 
94083 
03688 

13632 
23912 

85731 
95028 

04667 

14645 

24959 

86645 
95977 

26009 

87563 

06636 
16681 
27062 

88484 

97884 
07625 

17704 

281 18 

89409 

08618 
18730 
29178 

90337 
99805 

09614 

1976Q 

30241 

91268 
00771 
10613 

20793 
31308 

92203 
01740 
11616 
21830 

32377 

1.75 

1.76 

1.78 
1.79 

9-9633451 
44364 

79070 

34527 

45473 

56749 

68351 
80277 

35607 

46q86 
8148^ 

36690 
47702 

59043 
70710 

82701 

37776 
48821 

60195 

7*^95 
83918 

38866 

49944 
61350 

85138 

39959 
51070 

62509 

74274 
86361 

41055 
52199 

63671 

75468 

87588 

42155 

C4836 
76665 
88818 

43258 

54467  " 
66004 
77866 
90051 

1.80 

1.81 
1.82. 
1.83 
1.84 

9.9691287 

703823 

16678 

29848 

43331 

92526 

05095 
17981 
31182 

44697 

06369 
19287 

^|5f 
46065 

95014 
07646 

20596 

33860 

47437 

96263 
08927 
21908 

48812 

975>5 
1021 1 

23224 

36551 
50190 

98770 
11498 
24542 
37900 

51571 

00029 
12788 
25864 

39254 
52955 

01 291 
14082 
27189 
40610 
54342 

02555 
15378 
28517 
41969 
55733 

1.85 

1.86 
1.87 
1.88 
1.89 

9.9757126 

71230 

85640 

800356 

1 5374 

58522 
72657 
87098 
01844 
16893 

59922 
74087 
88559 

03335 
18414 

61325 

75521 
90023 

04830 
19939 

62730 

76957 
91490 
06327 
21466 

64139 

78397 
92960 

07827 

22996 

65551 
79839 
94433 
09331 
24530 

66966 
81285 

95909 
10837 
26066 

68384 
82734 

97389 
12346 

27606 

69805 
84186 
98871 

13859 
29148 

1.90 

1. 91 
1.92 

1-93 
1.94 

9-9830693 
46311 

62226 

78436 
94938 

32242 
47890 

63834 
80073 
96605 

33793 
4947' 
65445 
81713 
98274 

35348 

67058 

83356 
99946 

36905 
52642 

68675 
85002 

01621 

38465 

.54232 

70294 

86651 
03299 

40028 

55825 
71917 

88302 

04980 

41595 
57421 

73542 

43^64 
59020 

75170 
91614 
08350 

44736 
60621 
76802 

93275 
10039 

1.95 

1.96 

1.98 
1.99 

9.9911732 
28815 
46185 
63840 

•  81779 

13427 
30539 

65621 
83588 

32266 

49693 
67405 
85401 

16826 

33995 

51451 
69192 

87216 

18530 
35728 

53213 
70982 

89034 

20237 
37464 
54977 
72774 
90854 

21947 
39202 

56744 
74570 
92678 

23659 
40943 

94504 

^5375 
42688 

60286 

78169 

96333 

27093 

44435 
62062 

Wei 

' ' 
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Table  32. 
GAMMA  FUNCTION.* 


f  r  e— »— '<!»-}- 


Valntotloff 


Value*  of  the  logarithms  4-  >o  of  the  "  Second  Eulerian  Intqpal "  (Garr 

for  values  of  n  between  i  and  2.     When  it  has  values  not  lying  be- 
readily  calculated  frtm  the  equation  r(M-f-0  =  nlXw)  =  h{h—i^ 


n 
1.00 

0 

1 

2 

3 

4 

97497 

95001 

92512 

90030 

s 

■ 

I.OI 

75287 

72^55 
48916 

70430 

68011 

65600 

f 

1.02 

51279 

46561 

44212 

41870 

1.03 

27964 

25671 

^3384 
0S89 

21 104 

18831 

1.04 

05334 

03108 

98677 

96471 

1.05 

99883379 

81220 

79068 

7602a 
55830 

747^3 

1.06 

62089 

59996 

57910 

53757 

1.07 

41455 

39428 

37407 

35392 

333^^4  '• 

1.08 
1.09 

21469 
02123 

19506 
00223 

»7549 
98329 

'5599 
90442 

M65^ 
9456' 

1J.0 

99783407 

81570 

61768 

77914 

760* . 

I. II 

65313 

63538 
46120 

29308 

60005 

582 

1. 12 
i«3 

47834 
30962 

4441 1 
27659 

42709 
26017 

41C 

24^ 

1. 14 

146S9 

13094 

II 505 

09922 

0.^ 

1.15 

1. 16 

9.9609007. 
83910 

97471 
82432 

67969 

^ 

94417 
79493  ' 

0^ 

'•'Z 

69390 

66554 

65145  ' 

1. 18 

55440 

54076 

52718 

5136S' 

I.I9 

42054 

40746 

39444 

38147  ' 

1.20 

9.9629225 
16946 

27973 
15748 

26725 
14556 

254S4 

1.21 

^33^^^ 

1.22 

05212 

04068 

02030 

oi7c)() 

123 

594015 

92925 

91840 

9076c' 

1.24 

83350 

82313 

81280 

802S^ 

1.25 

9-95732" 

72226 

71246 

70271 

1.26 

63592 

62658 

61730 

60^  • 

1.27 

54487 

53604 

52727 

5IS; . 

1.28 

45891 

45059 

44232 

4.>  i 

1.29 

3779^ 

37016 

36239 

3y' 

1.30 

9-9530203 

29470 

28743 

2S 

<'3< 

23100 
16485 

22417 

21739  1 

^ 

132 

158^0 
09766 

15220  . 

r 

^'33 

'^^53 
04698 

09184 

1-34 

04158 

036-M  , 

,  1.35 

1       ^ 

9-9499515  99023 

985.^=; 

■    1-36 

94S00  ■  94355  1 

9.1^) ';> 

'  '-37 

00^49  00149 

S()7;t 

.  '-3^ 

807^6  86402 

S(x);2 

«-39  1 

83417  8310S 

82S0 ; 

1.40 

9.9480^28  80263 

Sc  ^  - 

I  41 

7SSS4  ;7S6i 

•"  "I 

1.4^ 

760SI    75^)05 

7  r 

1-43 

745»5  743^^^ 

i-44 

73382  . 

7329-^ 

—  ^ 

•J/  V 

■3922  ,' 

•4053 
.41*3 


—  0.4102 

<  - 

.4022  1 

.3877 
•3671 
.3409  1 

.  1 14 
•  vl'.>7 

—  0.3096 

.2738  ' 

.2343 
.191S 

.1470  1 

-  -  -^.^36 

—  0.1006  ' 

.2039 

.2(110 

.2255 
.1878 

—  -0535  ' 

—  .0064  1 

+  .'S46  ' 

—  0.1484 

-     —  .1078 

—  .0665 
;   —  0251 

-  ,')   -f-  0161 

+  0.1271 
.1667 
.2028  1 

.2626 

.515   4-0.0564 

+  0.2854 
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Pi 

^ 

'3 
ji>4 

P5 

Pe 

1 

pt     i 

i 

1 

—  0.2545 

•2235 
.1910 

•I  57 1 
.1223 

+  0.0564 
.0954 
■1326 
.1677 
.2002 

+  0.2854  1 

•3031 
•3154 

.3221 
•3234 

3852 
.3698 

•3524 
•3331 
•3"9 

—  0.0868 

.0509 

—  .0150 
+  .0206 
+  ^0557 

+  0.2297 
.2560 

.2787 
.2976 

•3>25 

+  0.3I9I 

•3095 
.2947 

.2752 

.2512 

1 
,  0 

—  0.2891 
.2647 
.2390 
.2121 
.1841 

+  0.0898 
.1229 

.1545 
.1844 

.2123 

"f  0-3232 
.3298 
•3321 
•3302 
•3240 

+  0.2231 
.1916 

.1572 

.1203 

.081^ 

;452 
.4419 

•4370 

•4305 
.4225 

—  0.1552 
.1256 

•095s 
.0651 

•0344 

+  0.2381 
.2615 
.2824 
.3005 
.3158 

+  0.3138 
.2997 
.2819 
.2606 
.2362 

+  0.0422 

+  .0022 

—  ^037  5 

—  .0763 

—  •i'35  . 

. 

—  0.4130 
.4021 
.3898 

•3761 
.3611 

—  0.0038 

+  .0267 

.0568 

.0864 

•"53 

+  0.3281 

•3373 
•3434 

•3463 
.3461 

+  0.2089 
.1791 
.1472 
.1136 
.0788 

—  0.1485 
.1808 
.2099 

•2352 
•2503 

A  22 
.}24I 

•4352 

■4454 

—  0.3449 

•3275 
.3090 

.2894 

.2688 

+  0.1434 
.1705 

.1964 

.2211 

.2443 

+  0.3427 

•3362 

•3267 

•3143 
.2990 

+  0.0431 
+  .0070 

—  .0290 

—  .0644 

—  .0990 

—  0.2730 
.2850 
.2921 
.2942 
.2913 

-  0.4548 

•4633 
.4709 

•4777 
.4836 

—  0.2474 
.2251 
.2020 
.1783 
•1539 

+  0.2659 
.2859 
.3040 

•3203 
•3345 

+  0.2810 
.2606 

.2378 
.2129 
.1861 

—  0.1 321 

•1035 
.1927 

•2193 
.2431 

—  0.2835 
.2708 

•2536 
.2321 

•2067   . 

k  -1 

^ 
M9 
»75 

—  0.4886 

.4927 

.4959 
.4982 

•4995 

—  0.1 291 
.1038 
.0781 
.0522 
.0262 

+  0.3468 

.3648 
.3704 
•3739 

+  ©•1577 
.1278 

.0969 

•0651 

.0327 

—  0.2638 
.2810 
.2947 

•3045 
•3105 

—  0.1778 
.1460 
.1117 

•0755 
^381 

..0000 

—  0.5000 

—  0.0000 

+  0.3750 

+  0.0000 

—  0.3125 

—  0.0000 
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Table  3.3. 
ZONAL  SPHERICAL  HARMONICS* 


Degrees 

Pi 

P. 

Ps 

P4 

P. 

Pe 

Pt 

i 

0 

+  i.oooo 

+  I.oooo 

+  I.OOOO 

+  I.OOOO 

+  I.oooo 

+  1.0000 

+  1.0000   ! 

I 

.9998 

•9995 

•999' 

•9985 

•9977 

.9968 

.9957 

2 

•9994 

.9982 

•9963 
.9918 

•9939 

.9909 

.9872 

.9830  i 

3 

.9986 

•9959 

.9863 

.9795 

.9714  . 

.9620 

4 

.9976 

.9927 

.9854 

.9758 

.9638 

•9495 

•93^ 

5 

+  0.9962 

+  0.9886 

+  0.9773 

+  0.9623 

+  0.9437 

+« 

+  0.8962 

6 

•9945 

.9836 

•9674  . 

•9459 
.9267 

.9194 
.8911 

•8522 

7 

•9925 

'9777 

•9557 

.8492 

.8016 

8 

•9903 

.9709 

•9423 

.9048 

.8589 

.8054 

.7449 

9 

.9877 

•9633 

•9273 

.8803 

.8232 

•7570 

.6830 

lO 

+  0.9848 

+  0.9548 

+  0.9106 
•8923 

+  0.8532 

+  0.7840 

+  0.7045 

+  0.6164  1 

II 

.9816 

•9454 

.8238 

.7417 

.6483 

.5462  1 

12 

.9781 

•9352 

•8724 

.7920 

.6966 

.5891 

4731 
.3950 

13 

•9744 

.9241 

.8511 

.7582 

.6489 

•5273 

14 

•9703 

.9122 

•8283 

.7224 

•5990 

.4635 

.3218 

1 

15 

+  0.9659 

+  0.8995 

+  0.8042 

+  0.6847 

+  0.5471 

+  0.3983 

1 

+  0.2455 

16 

.9613 

.8860 

.7787 

•6454 

.4937 

.3323 

+  .1700 

17 

•9563 

.8718 

•75'9 

.6046 

•439' 

.2661 

+  .0961 

18 

.9511 

.8568 

.7240 

.5624 

.3836 

.2002 

+  .0248 

19 

•9455 

.8410 

.6950 

.5192 

.3276 

•'353 

—  -0433  ' 

20 

+  0-9397 

+  0.8245 

+  0.6649 

+  0.4750 

+  0.2715 

+  0.0719 

1 

—  0.1072  1 

21 

•9336 

.8074 

■6338 

.4300 

.2156 

+  .0106 

.1664  ' 

22 

.9272 

.7895 

.6019 

.3845 
•3386 

.1602 

—  .0481 

.2202  1 

23 

.9205 

.7710 

.5692 

•'057 

—  .1038 

.2680 

24 

•9135 

.7518 

•5357 

.2926 

.0525 

-  .'558 

■3094 

^1 

+  0.906-; 

+  0.7321 
.7117 

+  0.5016 
.4670 

+  0.2465 
.2007 

+  0.0009 
—  .0489 

—  0.2040 
.2478 

—  0.3441 
•3717 

27 

.8910 

.6908 

•43'9 

•'553 

—  .0964 

.2869 

.3922 

28 

.8829 

.6694 

•3964 

.1105 

—  .1415 

.3212 

•4053 

29 

.8746 

.6474 

.3607 

.0665 

-  .1839 

•3502 

•4' '3 

30 

+  0.8660 

+  0.6250 

+  0.3248 

+  0.0234 
—  .0185 

—  0.2233 

—  0.3740 

—  0.4102 

3> 

.8572 

.6021 

.2887 

•2595 

•3924 

.4022 

•  32 

.8480 

.5788 

•2527 

—  .0591 

—  .0982 

.2925 

.4053 

.3877  , 

33 

.8387 

•5551 

.2167 

.3216 

.4127 

.3671  1 

34 

.8290 

•53»o 

.1809 

—  -'357 

.3473 

.4147 

.3409  1 

35 

+  0.8192 

+  0.5065 
.4818 

+  0.1454 

—  0.1714 

—  0.3691 

—  0.41 14 

—  0.3096  1 

36 

.8090 

.1102 

.2052 

.387' 

•^23' 

.2738  , 

37 

.7986 

•4567 

•0755 

•2370 

.4011 

.3898 

.2343 

38 

.7880 

•4314 

.0413 

.2(566 

.4112 

•37 '9 

.1918 

39 

•7771 

.4059 

.0077 

.2940 

.4174 

.3497 

.1470 

40 

+  0.7660 

+  0.3802 

—  0.0252 

—  0.3190 

—  0.4197 

—  0.3236 

—  0.1006  1 

41 
42 

•7547 
•743' 

•3544 
.3284 

•0574 
.0887 

.3416 
.3616 

.4181 
.4128 

•2939 
.2610 

-  •0535   ! 

—  .0064  1 

43 

.73^4 

■3023 

.IIQI 

•3791 

.4038 

•2255 
.1878 

+  .0398 
+  .0846 

44 

•7193 

.2762 

.1485 

•3940 

•3914 

45 

+  0.7071 

+  0.2500 

-^-0.176^ 

—  0.4063 
.4158 

—  0.3757 

—  0.1484 

+  0.1271 

!  40 

.6947 

•2238 

.2040 

.3568 

—  .1078 

.1667 

47 

.6820 

.1977 

.2300 

.4227 

•3350 

—  .0665 

.2028 

48 

.6691 

.1716 

.2547 

.4270 

.2836 

—  .0251 

.2026 

1   49 

.6561 

.1456 

1     -2781 

.4286 

+  .oi6i 

50 

i 

+  0.6428 

+  0.1 198 

—  0.3002 

1     ^ 

—  04275 

—0.2545 

+  0.0564 

+  0.2854 

*  Calculated  by  Mr.  C.  £.  Van  Orstrand  for  this  publication. 
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1 

■  Degrees 

Pi 

P. 

P. 

P« 

P. 

Pe 

Pt 

50 

+0.6428 

+  0.1198 

—  0.3002 

—  04275 

—  0.2545 

+  0.0564 

+  0.2854      : 

51 

.6293 

.0941 

•3209 

•4239 

•2235 

•0954 

•3031 

52 

•^'57 

.0686 

.3401 

4178 

.1910 

.1126 
.1677 

•3154      ' 

53 

.6018 

.0433 

.3578 

.40Q3 

•I  57 1 

.3221 

54 

.5878 

.0182 

.3740 

■3984 

.1223 

.2002 

•3234 

55 

+  0.5736 

—  aoo65 

-0.3886 

—  0.3852 

—  0.0868 

+  0.2297 

+  0.3191 

•5592 

.0310 

.4016 

.3698 

—   -0509 

.2560 

.3095 

'      57 

•5446 

^^^ 

.4131 

•3524 

—   .0150 

.2787 

•2947 

58 

•5299 

.4229 

•3331 

+   .0206 

.2976 

.2752 

:    5^ 

•5'5o 

.1021 

.4310 

•3"9 

+    .0557 

•3125 

.2512 

;     60 

4-0.5000 

—  ai25o 

—  04375 

—  0.2891 

+  0.0898 

+  0.3232 

+  0.2231 

61 

.4848 

.1474 

4423 

.2647 

.1229 

.3298 

.1916 

:     62 

•4695 

.1694 

•4455 

•2390 

.1^5 
.1844 

•3321 

.1572 

i      f3 

.4540 

.1908 

.4471 

.2121 

•3302 

.1203 
.0818 

64 

.4384 

.2117 

.4470 

.1841 

.2123 

•3240 

'A 

+  0.4226 

—  a232i 

—  0.4452 

—  0.1552 

+  0.2381 

+  0.3138 

+  0.0422 

.4067 

.2518 

.4419 

.1256 

.2615 

.2997 

+   .0022 

;  ^ 

.3907 

.2710 

•4370 

•0955 

.2824 

.2819 

—  ^037  5 

68 

.3746 

.2895 

•4305 

.0651 

.3005 
•3158 

.2606 

—  ^0763 

69 

.3584 

•3074 

4225 

.0344 

.2362 

—  -"35  . 

'      70 

+  0.3420 

—  0.3245 

—  0.4130 

—  0.0038 

+  0.3281 

+  0.2089 

-"J^ 

71 

.3256 

•3^12 

4021 

+   .0207 

•3373 

.1791 

72 

.3090 

.3568 

.3898 

.0568 
.0864 

•3434 
•3463 

.1472 

.2099 

73 

.2924 

•37l8 

•3761 

.1136 
.0788 

.2352 
•2563 

74 

.2756 

.3860 

.3611 

•"53 

.3461 

5^ 

4-  0.2588 

—  0.3995 

—  0.3449 

+  0.1434 

+  0.3427 

+  0.0431 

—  0.2730 

.2419 

4122 

•3275 

.1705 

•3362 

+    .0070 

.2850 

77 

.2250 

.4241 

.3090 

.1964 

•3267 

—    .0290 

.2921 

78 

.2079 

•4352 

.2894 

.2211 

•3143 

—    .0644 

.2942 

79 

.1908 

•4454 

.2688 

.2443 

•2990 

—    ^0990 

•29«3 

80 

4-0.1736 
.1564 

—  0.4548 
.4633 

—  0.2474 

+  0.2659 

+  0.2810 

—  O.1321 

—  0.2835 
.2708 

81 

.2251 

.2859 

.2606 

•'»635 

82 

.1392 

4709 

.2020 

.3040 

•2378 

.1927 

•2536 

83 

.1219 

.4777 

.1783 

•3203 

.2129 

.2193 

.2321 

84 

.1045 

.4836 

•1539 

•3345 

.1861 

•2431 

•2067 

-   II 

+  0.0872 

—  0.4886 

—  0.1 291 

+  0.3468 

+  0.1577 

—  0.2638 

—  0.1778 

.0698 

.4927 

.1038 

.3S 

.1278 

.2810 

.1460 

!z 

•0523 

.4959 
.4982 

.0781 

.0969 

.2947 

.1117 

1    !* 

.0349 

.0522 

.3704 

•0651 

•3045 

•0755 
.0381 

1    89 

1 

.0175 

•4995 

.0262 

•3739 

.0327 

•3'05 

;   90 

+  0.0000 

—  0.5000 

—  0.0000 

+  0.3750 

+  0.0000 

—  0.3125 

—  0.0000 
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Table  S4. 
CYLINDRICAL  HARMONICS'  OF  THE  Oth  AND  IST  ORDERS 

Values  when  »  ■-  o  and  x  of  the  Bessd  function  /« (x) 
r^ /  ae>  «^ \  jf.  J,,.      dJoix) 


<{s 


.00 

.01 
.02 

•03 
.04 

Joix) 

Jiix) 

X 

Ji(x) 

Aix) 

X 

1.00 

.01 

.02 

•03 
.04 

Mx) 

Mx) 

X 

1.60 

.51 
•52 
.53 
.54 

Mx) 

Ji(x) 

! 

unity 

•99997S 
.999900 

■999775 
.999600 

zero 
.005000 
.010000 
.014998 
.019996 

.50 

.51 
.52 
.53 
•54 

.938470 
.936024 

.933534 
.930998 
.928418 

.242268 
.246799 
.251310 
.255803 
.260277 

.765198 
.760781 

.756332 
.751851 

.747339 

.440051 
.443286 
446488 
.449658 
.452794 

.511828 
.506241 
.500642 
495028 
.489403 

.557937 

.559315 
.560653 

.561951 
.563208 

.05 

.06 
.07 
.08 
.09 

.999375 
.99Q100 

.998775 
.998401 

.997976 

.024992 
.029987 

.034979 
.039968 

.044954 

.66 

■56 
•57 
•58 
•59 

.925793 
•923123 

.920410 
.917652 
.914850 

.264732 

.269166 

.273581 

•277975 
.282349 

1.05 

.06 

■07 
.08 

•09 

.742796 
.738221 
.733616 
.728981 
.724316 

.455897 
.458966 
.462001 
.465003 
.467970 

1.66 

.56 
.57 
.58 
.59 

■483764 

.478114 

472453 
.466780 

.461096 

.564424 
.565600 

.566735 
.567830 

.568883 

.10 

.11 

.12 

.13 
.14 

.997502 
.996977 
.996403 

•995779 
.995106 

■049938 
.054917 
.059892 
.064863 
.069829 

.60 

.61 
.62 

.63 
.64 

.912005 
.909116 

.905184 
.903209 
.900192 

.286701 
.291032 

•295341 
.299628 

•303893 

1.10 

.11 
.12 

•13 
.14 

.719622 
.714898 
.710146 

.705365 
.700556 

.470902 

.473800 
.476663 
.479491 
.482284 

1.60 

.61 
.62 

.63 
.64 

.455402 
.449698 

.443985 
.438262 

.432531 

.569896 
.570868 

.571798 
.572688 

.573537 

.15 

.16 

.18 
.19 

.994383 
.993610 

.992788 

.991916 

.990995 

■074789 

.079744 
.084693 

.089636 
.094572 

.66 

.66 

•67 
.68 

.69 

.897132 

.894029 

.890885 
.887698 

.884470 

•308135 

.312355 
.316551 
.320723 

.324871 

1.16 

.16 

.17 
.18 

.19 

.695720 
.690856 
.685965 
.681047 
.676103 

.485041 

.487763 
.490449 

.493098 

.495712 

1.66 

.66 

.67 
.68 

.69 

.426792 
.421045 
.415290 
.409528 
.403760 

.574344 

5751" 
.575836 
.576520 
•577163 

.20 

.21 
.22 

.23 
.24 

.990025 
.989005 

•987937 
.986819 

.985652 

.099501 
.104422 
.109336 
.114241 
.119138 

.70 

.71 
•72 

.73 
.74 

.881201 

.877890 

•874539 
.871147 

.867715 

.328996 
•333096 
.337170 
.341220 

•345245 

1.20 

.21 
.22 

.23 
.24 

.671133 
.666137 
.661116 
.656071 
.651000 

498289 
.500830 

.503334 
.505801 

.508231 

1.70 

■71 
.72 

•73 
.74 

.397985 
.392204 

.386418 

.380628 

.374832 

.577765 
.578326 

.578845 
•579323 
•579760 

.25 

.26 

.27 
.28 

.29 

.984436 
.983171 
.981858 
.980496 
.979085 

.124026 
.128905 

.133774 
.138632 

.143481 

.76 

.76 

.77 
.78 

.79 

.864242 
.860730 

.857178 
.853587 

.849956 

.349244 
•353216 
.357163 
.361083 
.364976 

1.25 

.26 
.27 
.28 

•29 

.645906 
.640788 

.635647 
.630482 

.625295 

.510623 
.512979 

.515296 
.517577 
.519819 

1.76 

.76 
.77 
.78 

•79 

■369033 
.363229 

.357422 

•351613 
.345801 

.580156 
.580511 
.580824 
.581096 

.581327 

.90 

.31 
.32 

.33 
.34 

.977626 
.976119 

.974563 
.972960 

.971308 

.148319 

•I 53 146 
.157961 
.162764 

•167555 

.80 

.81 
.82 

.83 
.84 

.846287 
.842580 
.838834 

.835050 
.831228 

.368842 
.372681 

.376492 
.380275 
.384029 

1.90 

.31 

.  ^32 

•33 

.34 

.620086 
.614855 
.609602 
.604329 
•599034 

.522023 
.524189 
.526317 
.528407 
.530458 

1.80 

.81 
.82 

.83 
.84 

.339986 
.334170 
.328353 
.322535 
.316717 

.581517 
.581666 

.581773 
.581840 

.581865 

.36 

.36 
•37 
•38 
.39 

.969609 
.967861 
.966067 
.964224 

•962335 

.172334 
.177100 
.181852 
.186591 
.191316 

.86 

.86 

.87 
.88 

■89 

.827369 

.823473 
.819541 

.815571 
.811565 

.387755 
.391453 
.395121 
.398760 
.402370 

1.36 

.36 
.37 
.38 

.39 

•593720 
.588385 

•583031 
.577658 
.572266 

.532470 
•534444 
•536379 
•538274 
•540131 

1.86 

.86 

.87 
.88 

.89 

.310898 
.305080 
.299262 
.293446 
.286631 

.581849 

.581793 
.581695 

.581557 
.581377 

.40 

.41 
.42 

.43 
.44 

.960398 
.958414 
.956384 
•954306 

■952183 

.196027 
.200723 
.205403 
.210069 
.214719 

.90 

.91 

.92 

.93 
.94 

.807524 
•803447 

•799334 
.795186 

.791004 

.405950 

.409499 
.413018 

.416507 

.419965 

1.40 

.41 
.42 

.43 
.44 

.566855 

.561427 
.555981 
.550518 

.545038 

.541948 
.543726 

.545464 
.547162 

.548821 

1.90 

.91 
.92 

.93 
.94 

.281819 
.276008 
.270201 
.264397 
.258596 

•581157 
.580896 

•580595 
.580252 

•579870 

.46 

.46 

.47 
.48 
.49 

.950012 
.947796 
•945533 
■943224 
.940870 

.219353 
.223970 

.228571 

.233154 
.237720 

.96 

.96 

.97 
.98 

.99 

.786787 

.782536 

.778251 

.773933 
.769582 

.423392 
.42678/ 

.430151 
.433483 
•436783 

1.46 

.46 

•47 
.48 

.49 

.539541 
.534029 
.528501 

•522958 
.517400 

.550441 
.552020 

.553559 

.555059 
.556518 

1.95 

.96 

.97 
.98 

.99 

.252799 
.247007 

.241220 

.235438 
.229661 

.579446 
•578983 
.578478 
.577934 
.577349 

.60 

■938470 

.242268 

1.00 

.765198 

.440051 

1.60 

.511828 

.557937 

2.00 

.223891 

.576725 
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/-•  ix)  - 

(-i)-/«(x)l 

^^^^ 

X 

2.00 

Mx) 

Jx{x) 

X 

2.60 

Mx) 

Jx{x) 

X 

3.00 

/oUJ    Mx) 

X 

3.60 

/o(x) 

Mx) 

.223891 

.576725 

-.048384 

.497094 

-.260052 

•339059 

-.380128 

.137378 

.01 

.218127 

.576060 

.51 

-.053342 

.494606 

.01 

-.263424 

•335319 

.51 

-.381481 

.133183 

.02 

.212370 

■575355 

.52 

-.058276 

.492086 

.02 

-.266758 

.331563 

.52 

-.382791 

.128989 

•03 

.206620 

.574611 

.53 

-.063184 

.489535 

.03 

-.270055 

.327789 

.53 

-.384060 

.124795 

.04 

.200878 

•573827 

.54 

-.068066 

.486953 

.04 

-.273314 

•323998 

.54 

-385287 

.120601 

2.0B 

.195143 

•573003 

2.66 

-.072923 

.484340 

3.06 

-.276535 

.320191 

ZM 

-.386472 

.116408 

.06 

.189418 

572139 

.56 

-.077753 

.4ai696 

.06 

-.279718 

.316368 

.56 

-.387615 

.112216 

.07 

.183701 

.571236 

.57 

-.082557 

.479021 

.07 

-.282862 

•312529 

.57 

-388717 

.108025 

.08 

•177993 

.570294 

.58 

-.087333 

.476317 

.08 

-.285968 

•308675 

.58 

-.389776 

.103836 

.09 

.172295 

.569313 

.59 

-.092083 

.473582 

.09 

-.289036 

.304805 

.59 

—390793 

.099650 

2.10 

.166607 

.568292 

2.60 

-.096805 

.470818 

3.10 

-.292064 

.300921 

3.60 

-.391769 

.095466 

.11 

.160929 

•567233 

.61 

—.101499 

.468025 

.11 

-.295054 

.297023 

.61 

-.392703 

.091284 

.12 

.155262 

.566134 

.62 

-.106165 

.465202 

.12 

-.298005 

.293110 

.62 

-.393595 

.087106 

•13 

.149607 

•564997 

.63 

-.110803 

.462350 

.13 

-.300916 

.289184 

.63 

-.39444^ 

.082931 

.14 

.143963 

.563821 

.64 

-.115412 

.459470 

.14 

-.303788 

.285244 

.64 

-.395253 

.078760 

2.16 

.138330 

.562607 

2.66 

—.119992 

.456561 

3.16 

-.306621 

.281291 

3.66 

-.396020 

.074593 

.16 

.1327" 

•561354 

.66 

-.124543 

.453625 

.16 

-.309414 

.277326 

.66 

-.396745 

.070431 

.17 

.127104 

.560063 

.67 

-.129065 

.450660 

.17 

-.312168 

.273348 

.67 

-•397429 

.066274 

.18 

.121509 

•558735 

.68 

-.133557 

.447668 

.18 

-.314881 

.269358 

.68 

—398071 

.062122 

.19 

.115929 

•557368 

.69 

-.138018 

.444648 

.19 

-.317555 

.265356 

.69 

-.398671 

.057975 

2.20 

.110362 

.555963 

2.70 

-.142449 

.441601 

3.20 

-.320188 

•261343 

3.70 

-.399230 

.053834 

.21 

.104810 

.554521 

.71 

-.146850 

.438528 

.21 

-.322781 

•257319 

.71 

—399748 

.049699 

.22 

.099272 

•553041 

.72 

—.151220 

•435428 

.22 

-.32533s 

.253284 

.72 

-.400224 

.045571 

•23 

.093749 

.551524 

.73 

-.155559 

.432302 

.23 

-.327847 

•249239 

.73 

-.400659 

.041450 

.24 

.088242 

•549970 

.74 

-.159866 

.429150 

.24 

-•330319 

.245184 

•74 

-.401053 

.037336 

2.25 

.082750 

.548378 

2.76 

-.164141 

.425972 

3.26 

-.332751 

.241120 

3.76 

—.401406 

.033229 

.26 

.077274 

.546750 

.76 

-.168385 

.422769 

.26 

-•335142 

.237046 

.76 

—.401718 

.029131 

•27 

.071815 

.545085 

.77 

-.172597 

.419541 

.27 

-.337492 

.232963 

.77 

-.401989 

.025040 

.28 

.066373 

.543384 

.78 

-.176776 

.416288 

.28 

-.339801 

.228871 

.78 

-.402219 

.020958 

.29 

.060947 

.541646 

.79 

-.180922 

.413011 

.29 

-.342069 

.224771 

.79 

-402408 

.016885 

2J0 

.055540 

•539873 

2.80 

-.185036 

.409709 

3.30 

-.344296 

.220663 

3.80 

-.402556 

.012821 

•31 

.050150 

•538063 

.81 

-.189117 

.406384 

.31 

-.346482 

.216548 

.81 

-402664 

.008766 

•32 

.044779 

.536217 

.82 

-.193164 

403035 

.32 

-.348627 

.212425 

.82 

-.402732 

.004722 

•33 

.039426 

.534336 

.83 

-.197177 

.399662 

•33 

—350731 

.208296 

•83 

-.402759 

.000687 

•34 

.034092 

.532419 

.84 

-.201157 

.396267 

.34 

-.352793 

.204160 

.84 

-.402746 

-.003337 

2.36 

.028778 

•530467 

2.86 

—.205102 

.392849 

3.36 

-.354814 

.200018 

3.86 

-.402692 

-.007350 

•36 

.023483 

.528480 

.86 

-.209014 

.389408 

.36 

-.356793 

.195870 

.86 

-.402599 

-.011352 

•37 

.018208 

.526458 

.87 

—.212890 

.385945 

.37 

-•358731 

.191716 

.87 

-402465 

-.015343 

.38 

.012954 

.524402 

.88 

-.216733 

.382461 

.38 

-.360628 

•187557 

.88 

—.402292 

—.019322 

•39 

.007720 

.522311 

.89 

-.220540 

.378955 

•39 

-.362482 

•183394 

.89 

-.402079 

-.023289 

2.40 

.002508 

.520185 

2.90 

-.224312 

.375427 

3.40 

-.364296 

.179226 

3.90 

—.401826 

-.027244 

.41 

-.002683 

.518026 

.91 

-.228048 

.371879 

41 

-.366067 

•175054 

.91 

-.401534 

—.031186 

.42 

-.007853 

.515833 

.92 

-.231749 

.368311 

.42 

-•367797 

.170878 

.92 

-.401202 

-.035115 

•43 

-.013000 

.513606 

.93 

-.235414 

.364722 

.43 

-.369485 

.166699 

.93 

-.400832 

-.039031 

44 

-.018125 

•5 I 1346 

.^ 

-.239043 

.361113 

.44 

-•371131 

.162516 

.94 

-.400422 

-.042933 

2.46 

-.023227 

•509052 

2M 

-.242636 

■357485 

3.46 

-.372735 

•I58331 

3.96 

-.399973 

-.046821 

.46 

-.028306 

.506726 

.96 

-.246i93'.353837 

46 

-•374297 

.154144 

.96 

-.399485 

-.050695 

•47 

-.033361 

.504366 

.97 

-.249713 

.350170 

.47 

-375818 

.149954 

.97 

-•398959 

-.054555 

•48 

-.038393 

.501974 

.98 

-.253196 

•346484 

48 

-.377296 

.145763 

.98 

-•398394 

-.058400 

•49 

-.043401 

•499550 

•99 

-.256643 

.342781 

49 

-.378733 

.141571 

•99 

-.397791 

-.062229 

2.60 

-.048384 

.497094 

3.00 

-.260052 

.339059 

3.60 

-.380128 

•137378 

4.00 

-.397150 

.066043 
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Tables  86-86. 
CYLINDRICAL  HARMONICS  OF  Oth  AND  IST  ORDERS- 


TABLE  35. 


4-place  Values  for 
to  15.0. 


4.0 


JoKx) 


8 


8 


o 
I 

2 

3 
4 

S 
6 

7 
8 

9 

o 

I 

2 

3 
4 

5 
6 

7 
8 

9 
o 
I 

2 

3 

4 

5 
6 

7 
8 

9 
o 
I 

2 

3 

4 

5 
6 

7 
8 

9 
o 
I 

2 

3 
4 

5 
6 

7 
8 

9 
o 
I 

2 

3 
4 

5 


/iW 


3972 
3887 
3766 
3610 
3423 

3205 
2961 
2693 
2404 
2097 

1776 

1443 
1 103 

0758 
0412 

0068 
0270 

0599 
0917 

1220 

1506 

1773 
2017 

2238 
2433 
2601 
2740 
2851 
2931 
2981 

3cx>i 
2991 

2951 
2882 

2786 

2663 
2516 
2346 

2IS4 
1944 

1717 

1475 
1222 

0960 

0692 

0419 
0146 
0125 
0392 

0653 
0903 
1 142 
1367 

1577 
1768 

1939 


0660 

1033 
1386 
1719 
2028 

231 1 
2566 
2791 

2985 
3147 

3276 
3371 
3432 
3460 

3453 

3414 
3343 
3241 
3"o 

2951 
2767 

2559 
2329 

2081 

1816 

1538 
1250 

0953 
o6y2 

0349 
0047 
0252 

0543 
0826 

1096 

1352 
1592 
1813 
2014 
2192 

2346 
2476 
2580 
2657 
2708 

2731 
2728 

2697 

2641 

2559 

2453 
2324 
2174 

2004 
1816 

1613 


10 


10 


II 


II 


12 


12 


13 


13 


14 


14 


15 


5 
6 

7 
8 

9 
o 

I 
2 

3 
4 

5 
6 

7 
8 

9 
o 
I 
2 

3 
4 

5 
6 

7 
8 

9 
o 
I 
2 

3 
4 

5 
6 

7 
8 

9 
o 
I 
2 

3 
4 

5 
6 

7 
8 

9 
o 

I 
2 

3 
4 

5 
6 

7 
8 

9 
o 


Mx) 


J'ix) 


+ 


1939 
2090 

2218 

2323 
2403 

2459 
2490 

2496 

2477 
2434 
2366 
2276 
2164 
2032 
1881 

1712 
1528 

1330 
1121 

0902 

0677 
0446 
0213 
0020 
0250 

0477 
0697 
0908 
1 108 
1296 

1469 
1626 
1766 
1887 
1988 

2069 
2129 
2167 
'2183 
2177 

2150 
2101 
2032 

1943 
1836 

1711 

1570 
1414 

1245 
1065 

0S75 
0679 

0476 
0271 
0064 

0142 


+ 


+ 


1613 

139s 
1166 

0928 

0684 

043s 
0184 

0066 

0313 
0555 
0789 
1012 
1224 
1422 
1603 

1768 

1913 
2039 

2143 
2225 

2284 
2320 

2333 
2323 

2290 

2234 

2157 
2060 

1943 
1807 

1655 
1487 

1307 
1114 

0912 

0703 
0489 
0271 
0052 
0166 

0380 
0590 
0791 
0984 
1165 

1334 
1488 

1626 

1747 
1850 

1934 
1999 
2043 
2066 
2069 

2051 


TABLE  36.  —  Roots. 

(o)  I  St  10  roots  of  /oW  •=  o 

Higher  roots  may  be  calculated  to  better 
than  I  part  in  10,000  by  the  approximate 
formula 

Ri  »  2.404826 
Rt  =  5.520078 
Ri  -    8.653728 

Ra  -  II. 791534 
JKs  -  14.930918 
R^  "  18.071064 
Rr  -  21. 21 1637 
Rs  -  24.352472 

^9  -  27.493479 
Rio"  30.634606, 

(b)  ist  15 'roots  of  Ji(x)  -     ^     -  o 

with  corresponding  values  of  maximum  or 
or  minimum  values  of  Jo(x). 


No.  of 

root  («) 

Root  ->  s*. 

MXn). 

I 

3.831706 

-.402759 

2 

7  015587 

+.3001 16 

3 

10.173468 

- . 249705 

4 

13  323692 

+  .218359 

5 

16.470630 

-.196465 

6 

19.615859 

+.180063 

.  7 

22.760084 

-.167185 

8 

25  903672 

+.156725 

9 

29.046829 

—.148011 

10 

32.189680 

+  .140606 

II 

35  332308 

-.134211 

12 

38.474766 

+  .  1 28617 

13 

41.617094 

-.123668 

14 

44.759319 

+  .  1 19250 

15 

47.901461 

-.115274 

Higher  roots  may  be  obtained  as  under  (a). 
Notes,    y  -  /»(x)   is  a  particular  solu- 
tion of  Bessel's  equation. 


The  general  formula  for  /.(s)  is 
Mx)  -  2t 


(-!)•* 


n-M« 


2'»+^7r^7r(»+5)' 


or 


n+t« 


O 

00 


(-!)•* 


when  fi  is  an  integer  and 


2n 


and 


X 


dMx) 


Smithsonian  Tables 


dx    ' 
(-i)»/„W. 

Tables  35  to  36  are  based  upon  Gray  and 
Matthews'  reprints  from  Dr.  Meissel's 
tables.  See  also  Reports  of  British  Associa- 
tion, 1907-1916. 


Table  37. 
ELLIPTIC  INTEGRALS. 
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ValmM 


"X"'^- 


ilB>«ila<0)^^ci^. 


This  table  gives  the  values  of  the 

int^rals  b 
modulus  0 

etween  o  and 

ft /^  of  the  function  {1 — sin^^sin' 

^^\^^  d^iox  different  val. 

ues  of  the 

orresponding  1 

to  each  degree  of  9  between  0  and  «jo. 

9 

iin3  9sin>0)i 

1  '(i-sins«sin>^)*</^ 
i/O 

tf 

_^t — 

iin<98iD*^)* 

X'-- 

■ 1 

»ns«sin«^)^<i^ 

Number. 

Log. 

Number. 

Log. 

Number. 

Log. 

Number. 

Log. 

0° 

1.5708 

O.19612O 

1.5708 

O.19612O 

45°  1.8541 

0.268127 

1-3506 

0.1 3054 1 

1 

5709 

I96153 

5707 

196087 

6 

8691 

271644 

3418 

127690 

2 

57J3 

196252 

5703 

195988 

7 

8848 

275267 

3329 

124788 

3 

5719 

196418 

59?7 

195822 

8 

901 1 

279001 

3238 

121836 

4 

5727 

196649 

5689 

19559I 

9 

9180 

282848 

3147 

I 18836 

5« 

'•5738 

0.196947 

1.5678 

0.195293 

50° 

19356 

0.2868 1 1 

1-3055 

0.115790 

6 

575' 

197312 

5665 

194930 

I 

9539 

290895 

2963 

I I 2698 

7 

5707 

197743 

5649 

194500 

2 

9729 

29510I 

2870 

109563 

8 

^^5 

I9824I 

5632 

194004 

3 

9927 

299435 

2776 

106386 

9 

5805 

198806 

5611 

193442 

4 

2.0133 

303901 

2681 

IO3169 

10° 

1.5828 

ai99438 

1.5589 

0.1928 1 5 

550 

2.0347 

0.308504 

1.2587 

0.099915 

I 

^^ 

200137 

5564 

19212I 

6 

0571 
0804 

313247 
318138 

2492 

096626 

2 

5882 

200904 

5537 

191 362 

7 

2397 

093303 
089950 

3 

5913 
5946 

201740 

5507 

190537 
189646 

8 

1047 

323182 
328384 

2301 

4 

202643 

5476 

9 

1300 

2206 

086569 

15° 

6 

"t^o 

0.20361 5 
204657 

1.5442 
5405 

0.188690 
187668 

60° 

1 

2.1  Q65 
1842 

0.333753 
339295 

I.2III 
2015 

0.083164 
079738 

1 

6061 
6105 

205768 
206948 

5367 
5326 

18658 I 
185428 

3 

2132 
2435 

345020 
350936 

1920 
1826 

076293 
072834 

9 

6151 

208200 

5283 

184210 

4 

2754 

357053 

1732 

069364 

20° 

1.6200 

0.209522 

1.5238 

0.182928 

65° 

2.3088 

0.363384 

1. 1638 

0.065889 

I 

6252 

210916 

5191 

181580 

6 

3439 

369940 

>545 

062412 

2 

6307 

212382 

5141 

180168 

7 

3809 
4198 

376736 

M53 

058937 

3 

6426 

213921 

5090 

I 7869 I 

8 

383787 

1362 

055472 

4 

215533 

5037 

177 I 50 

9 

4610 

39i"2 

1272 

052020 

25° 

1.6490 

a2i72i9 

1. 4981 

0.175545 

70P 

2.5046 

0.398730 

1.1184 

0.048589 

6 

'^i 

21898 I 

'^ 

173876 

I 

5507 

406665 

1096 

045183 

7 

220818 

172144 

2 

5998 
6521 

414943 

ion 

041812 

8 

6701 

222732 

4803 

170348 

3 

423596 

0927 

038481 

9 

6777 

224723 

4740 

168489 

4 

7081 

432660 

0844 

035200 

30° 

1.6858 

0.226793 

'S 

0.166567 

750 

2.7681 

0.442176 

1.0764 

0.031976 

I 

6941 

228943 

164583 

6 

8327 

452196 
402782 

0686 

028819 

2 

7028 

231 173 

4539 

162537 

7 

9026 

0611 

025740 

3 

7119 

233485 

4469 

160429 

8 

9786 

474008 

0538 

022749 

4 

7214 

235880 

4397 

158261 

9 

3.0617 

485967 

0468 

019858 

35° 

1.7312 

0.238359 

1.4323 
4248 

0.1 5603 1 

80P 

3-«534 

0.498777 

1. 040 1 

0.017081 

6 

7415 

240923 

153742 

1 

2553 
3699 

512591 

0338 

014432 

7 

7522 

7033 
7748 

243575 
246315 

4171 

151393 

2 

527613 

0278 

01 1927 

8 

4092 

148985 

3 

5004 
0519 

544120 

0223 

009584 

9 

249146 

4013 

1465 19 

4 

562514 

0172 

007422 

40P 

1.7868 

0.252068 

I  •393' 

0.143995 

85° 

3-8317 

0.583396 

1.0127 

0.005465 

I 

7992 

255085 
258197 

3849 

I41414 

6 

4.0528 

607751 

00S6 

003740 

2 

8122 

37^5 

138778 

7 

3387 

637355 

0053 

002278 

3 

l^^\ 

261406 

3680 

136086 

8 

7427 

676027 

0026 

OOII2I 

4 

8396. 

264716 

3594 

133340 

9 

5-4349 

735192 

0008 

000326 

45° 

1. 854 1 

0.268127 

1.3506 

a I 30541 

90° 

00 

00 

9 

1. 0000 

Smithsonian  TaatES. 


7^  Table  38. 

MOMENTS  OF  INERTIA,  RADII  OF  GYRATION,  AND  WEIGHTS. 

In  each  case  the  axis  is  supposed  to  traverse  the  centre  of  gravity  of  the  body.    The  axis  b 
one  of  symmetry.     The  mass  of  a  unit  of  volume  is  w. 


Body. 

Axis. 

Weight. 

Moment  of  Inertia  I*. 

■ 

Square  of  Ra- 
dius of  Grra^ 
tion^. 

Sphere  of  radius  r 

Diameter 

3 

Swtor* 
IS 

2r« 

5 

Spheroid  of  revolution,  po- 
lar axis  2a,  equatorial  di- 
ameter 2r 

Polar  axis 

~  37  " 

SwToar^ 
15 

2r« 

5 

Ellipsoid,  axes  la^  2^,  2c 

Axis  2a 

^mvabc 
3 

4wwabc{if^€^) 
15 

5 

Spherical  shell,  external  ra- 
dius r,  internal  r^ 

Diameter 

3  ' 

8irw(r*— r'*) 
15 

2(r*-r*) 

Ditto,  insensibly  thin,  ra- 
dius r,  thickness  dr 

Diameter 

^irwr^dr 

Swwf^dr 
3 

2^4 

3 

Circular  cylinder,  length  2tf, 
radius  r 

Longitudinal 
axis  2a 

2inaar^ 

wwar^ 

2 

Elliptic  cylinder,  length  2a, 
transverse  axes  2^,  2c 

Longitudinal 
axis  2a 

2Twabc 

iFwabc(i^-(^ 

2 

4 

Hollow    circular    cylinder, 
length    2a,  external    ra- 
dius r,  internal  r' 

Longitudinal 
axis  2a 

iMWaif^^-r^) 

«ew(f^— f'*) 

2 

Ditto,  insensibly  thin,  thick- 
ness dr 

Longitudinal 
axis  2a 

^mvardr 

4wwar*dr 

f« 

Circular  cylinder,  length  2a, 
radius  r 

Transverse 
diameter 

2Twar^ 

irwar'*{y^-{-4a^ 
6 

4*^3 

Elliptic  cylinder,  length  2a, 
transverse  axes  2a,  2d 

Transverse 
axis  2b 

2invabc 

wwabc{y^-4a'^) 
6 

4"*"3 

Hollow   circular    cylinder, 
length    2(7,  external    ra- 
dius r,  internal  r* 

Transverse 
diameter 

2irwa{r^^r^) 

6    i    +4aHf^-r^)\ 

4      ■*"3 

Ditto,  insensibly  thin,  thick- 
ness dr 

Transverse 
diameter 

4irwardr 

inoa{2r*^ah')dr 

"2  +  3 

Rectangular  prism,  dimen- 
sions 2a,  2b,  2c 

Axis  2a 

^abc 

• 

^abc(bt^-\-c^) 
3 

3 

Rhombic  prism,  length  2a, 
diagonals  2b,  zc 

Axis  2a 

4wabc 

2wabc{b^-\-(^ 
3 

6 

Ditto 

Diagonal  2b 

4wabc 

2wabc(c^-ir2ti^) 
3 

c^     a^ 
6*^3 

(Taken  from  Rankine.) 


For  further  mathematical  data  see  Smithsonian  Mathematical  Tables,  Becker  and  Van  Orstrand 
(Hyperbolic,  Circular  and  Exponential  Functions);  Functionentafein,  Jahnke  und  Emde  (xtgx, 

x-^tgx.  Roots  of  Transcendental. Equations,  a  -f-  bi  and  re^'.  Exponentials,  Hyperbolic  Functions, 


/>■-/: 


cos  u 


—  du, 

00     " 


Fresnel   Integral,  Gamma   Function,   Gauss  Integral 


4=  I      e-J^dXy  Pearson  Function  r4»»'  I     sin'*  t^xdx,  Elliptic  Integrals  and  Functions,  Spherical 

and  Cylindrical  Functions,  etc.).  For  further  references  see  under  Tables,  Mathematical,  in  the 
nth  ed.  Encyclopaedia  Britannica.  See  also  Carres  Synopsis  of  Pure  Mathematics  and  Mellor*s 
Higher  Mathematics  for  Students  of  Chemistry  and  Physics. 

Smithsonian  Tables. 


Table  39.  i 

INTERNATIONAL  ATOMIC  WEIGHTS.     VALENCIES. 


71 


The  International  Atomic  Weights  are  quoted  from  the  report  of  the  International 
Committee  on  Atomic  Weights  (Journal  American  Chemical  Society,  39,  p.  2517,1917). 


• 

Relative 

1 
1 

Relative 

Substance. 

Symbol. 

atomic  wt. 
Oxygen =16. 

Valency. 

Substance. 

Symbol. 

atomic  wt. 
Oxygen  =16. 

Valency. 

• 
Aluminum 

Al 

27.1 

3. 

._  , 

Mercurv 
1  Molybdenum 

Hg 

200.6 

1,2. 

Antimony 

Sb 

120.2 

3.5- 

Mo 

96.0 

4.6. 

Argon 

A 

39.88 

0. 

1  Neodymium 

Nd 

144.3 

3- 

1  Arsenic 

As 

74.96 

3»  5- 

Neon 

Ne 

20.2 

0. 

Barium 

1 

Ba 

137.37' 

2. 

1  Nickel 

[ation) 

Ni 

58.68 

2,3- 

Bismuth 

Bi 

208.0 

3»5- 

Niton  (Racman- 

Nt. 

222.4 

— 

Boron 

B 

1 1.0 

3. 

Nitrogen 

N 

14.01 

11 

Bromine 

Br 

79.92 

I. 

Osmium 

Os 

190.9 

Cadmium 

Cd 

112.40 

2. 

Oxygen 

0 

16.00 

2. 

Caesium 

Cs 

132.81 

I. 

Palladium 

Pd 

106.7 

2,4. 

Calcium 

Ca 

40.07 

2. 

Phosphorus 

P 

31.04 

3»5. 

Carbon 

C 

12.005 

4- 

Platinum 

Pt 

'95-2 

2,4. 

Cerium 

Ce 

140.25 

3.4. 

Potassium 

K 

39.10 

I. 

Chlorine 

CI 

3546 

I. 

Praseodymium 

Pr 

140.9 

3. 

Chromium 

Cr 

52.0 

2,3,6. 

Radium 

Ra 

226.0 

2. 

Cobalt 

Co 

5897 

2,3. 

Rhodium 

Rh 

102.9 

3. 

Columbium 

Cb 

93J 

5- 

Rubidium 

Rb 

85-45 

I. 

Copper 

Cu 

6357 

1,2. 

Ruthenium 

Ru 

101.7 

6,8. 

Dysprosium 

Dy 

162.5 

3- 

Samarium 

Sa 

150.4 

3. 

Erbium 

Ef 

167.7 

3- 

Scandium 

Sc 

44.1 

3. 

Europium 

£u 

152.0 

3. 

Selenium 

Se 

79.2 

2,4.6. 

Fluorine 

F 

19.0 

T. 

Silicon 

Si 

28,1 
107.88 

4- 

Gadolinium 

Gd 

>57.3 
69.9 

3. 

Silver 

Ag 

I. 

Gallium 

Ga 

3- 

1  Sodium 

Na 

23.00 

I. 

Germanium 

Ge 

72.5 

4. 

1  Strontium 

Sr 

87.63 

2. 

Glucinum 

Gl 

91 

2. 

•  Sulphur 

S 

32.06 

2,4,6. 

Gold 

Au 

197.2 

'.  3- 

'  Tantalum 

Ta 

181.5 

5- 

Helium 

He 

4.00 

0. 

Tellurium 

Te 

127.5 

2,  4.  6. 

Holmium 

Ho 

1635 

3- 

Terbium 

Tb 

159.2 

3- 

Hydrogen 

H 

1.008 

I. 

Thallium 

Tl 

204.0 

'.  3- 

Indium 

In 

1 1 4.8 

3. 

Thorium 

Th 

232.4  • 

4. 

Iodine 

I 

1 26.92 

I. 

Thulium 

Tm 

168.5 

3. 

Iridium 

Ir 

193- 1 

4- 

Tin 

Sn 

1 18.7 

2,4. 

Iron 

Fe 

55.84 
82.92 

2.3- 

Titanium 

Ti 

48.1 

4- 

Krypton 

Kr 

0. 

1  Tungsten 

W 

184.0 

6. 

. 

'  Uranium 

U 

238.2 

4»6. 

Lanthanum 

U 

139.0 

3. 

%3 

Uad 

Pb 

207.20 

2,  4. 

Vanadium 

V 

51.0 

•3»  5- 

Lithium 

Li 

6.94 

I. 

Xenon 

Xe 

130-2 

0. 

Lutecium 

Lu 

1750 

3-            1 

Ytterbium 

Yb 

''^n 

3- 

Magnesium 

Mg 

24.32 

2. 

Yttrium 

Yt 

3. 

Manganese 

Mn 

54.93 

2,  3.  7. 

Zinc 

Zn 

65.37 

9ao 

2. 

Zirconium 

Zr 

4. 

Smithsonian  Tables. 


7i>  Table  40. 

VOLUME  OF  A  GLASS  VESSEL  FROM  THE  WEIGHT  OF  ITS  EQUIVALENT 

VOLUME   OF   MERCURY   OR   WATER. 

If  a  glass  vessel  contains  Sit^C,P  grammes  of  mercury,  weighed  with  brass  weights  in  air  at 
760  mm.  pressure,  then  its  volume  in  c.  cm. 

at  the  same  temperature,  /,  :   F^  F/d   =  /*^» 

at  another  temperature,  /i,  :   F  =  P/^i  =  P pjd  1 1  +  7  (^1  -  ')  I 

p  =  the  weight,  reduced  to  vacuum,  of  the  mass  of  mercury  or  water  which,  weighed  with  brass 
weights,  equals  i  gram  ; 

</=  the  density  of  mercury  or  water  at  /°C, 

and  7  ^  aooo  025,  is  the  cubical  expansion  coefficient  of  glass. 


ryt% 

WATER. 

t 

p 

MERCURY. 

1 

Temper^ 

! 

stiUre 

R. 

^„  /i  =  10°. 

^„  /,  =  ao°.  1 

R. 

1 

Rx^t\=  10°. 

t 

^l,  /,  =  20<».    ^ 

1 

0° 

1. 001 192 

1. 00144' 
1358 

1. 001 693  1 

0.0735499 

0.0735683 

0.0735867 

I 

^^IZ 

1609 

5633 
5706 

5798 

/   gi 

2 

1092 

1292 

1542 

S9'4 

3 

1068 

1243 

1493 

5900 
6033 

6029 

6213 
6328 

4 

1060 

1210 

1460  1 

6144 

5 

1068 

I '93 

1443  1 

6167 

6259 

6443 

6 

I. GO 1 092 

1.001192 

I.OOI442   ' 

0.0736301 

0.0736374 

0.0736558 

7 

II3I 

1206 

I4C6  1 

6434 

6490 

8 

II84 

1234 

1485 

6568 

6605 

6789 

9 

1252 

1277 

1527 

6702 

6720 

6904 

10 

1333 

'333 

1584 

6835 

6835 

7020 

II 

1. 001 428 

1.001403 

1. 001 653 
> 

0.0736969 

0.0736951 

0.0737135 

12 

1536 

i486 

^1^ 

7103 

7250 

13 

1057 

1582 
1090 

1832 

7230 

7181 

7365 

14 

1790 

1940 

7370 

7297 

7481 

'5 

1935 

1810 

2060 

7504 

7412 

7596 

16 

1.002092 

1. 001 942 

1.002193 

0.0737637 

0.0737527 
7642 

0.07377" 

17 

2261 

2086 

2337 

7771 

7826 

18 

2441 

2241 

2491 

7905 

7757 

7941 

19 

2633 

2407 

2658 

8039 

7872 

8057 

20 

2835 

2584 

2835 

8172 

7988 

8172 

21 

1.003048 

1.002772 

1.003023 

ao7383o6 

0.0738103 

0.0738288  ' 

22 

3271 

2970 

3220 

8440 

8218 

840^  1 

23 

3504 

3178 

3429 

8573 

8333 

8^33 
8748 

24 

3748 

3396 

3647 

8707 

8449 

25 

4001 

3624 

3875 

8841 

8564 

26 

1.004264 

1 .003862 

I.OO4113 

0.0738974 

0.0738679 

0.0738864 

27 

'n 

4110 

4361   ' 

1      9108 

8794 

8979 

28 

4366 

4616 

1      9242 

8910 

9094 

29 

5110 

4632 

4884  1 

9376 

9025 

9210 

30 

5410 

4908 

5' 59 

9510 

9140 

9325 

Taken  from  Landolt,  Bdrnstein,  and  Meyerhoffer's  Physikaliach-Cheraiache  Tabellen. 
Smithsonian  Tablcs. 


Tables  41-42. 

REDUCTIONS  OF  WEIGHINGS  IN  AIR  TO  VACUO. 

TABLE  41. 


IZ 


When  the  weight  M  in  grains  of  a  body  is  determined  in  air,  a  correction  is  necessary  for  the 
buoyancy  of  the  air  equal  to  M  8  (i/d  —  i/di)  where  8  =  the  density  (wt.  of  i  ccm  in  grams 
=  0.0012)  of  the  air  during  the  weighing,  d  the  density  of  the  body,  d|  that  of  the  weights. 
8  for  various  barometric  values  and  humidities  may  be  determined  from  Tables  153  to  155.  The 
following  table  is  computed  for  8  =  0.0012.     The  corrected  weight  =  M  +  kM/roco. 


Density 

Correction  factor,  k.                   i 

Density 

Correction  factor 

,k. 

of  body 
weighed 

Pt.  Ir. 

Brass        '     Quartz  or    i 

of  body 
weighed 

Pt.  Ir. 

Brass 

Ouartz  or 
Al.  weights 

weights 

weights      1  A  I.  weights 

weights 

weights 

di=ai.s. 

8.4.                   a. 65. 

di  =  ai.5. 

8.4. 

2.65. 

:l 

+  2.34 
+  I.9d 

- 

1-2.26    i    H 

-1.86  :  - 

hi.9S 
-I.S5    ! 
-  1.26    ■ 

1.6 

'    +0.69 

t    -^5 

+  0.61 
+    .56 

ho.30 

h   .25 

•7 

-1-  1.66 

- 1.57 

1.8 

-f   .62 

+    .52 

-   .21 

•Z5 

.   +  1.55 

- 1.46 

-i.iS 

1-9 

+   .58 

+    -4? 

-  .18 

.80 

+  1.44 

- 1.36 

- 

-1.05 
-0.90 

2.0 

+   .54 

+    .46 

-   -'5 

.85 

+  '•36 

- 1.27 

- 

2.5 

t   -^3 

4-  .34 

-   .03 

•90 

+  1.28 

- 

- 1. 19 

- 

-   .88 

3-0 

+   -34 
+    .24 

-f-  .26 

—  -05 

•95 

-j-  1. 21 

- 

- 1. 12 

- 

-    .81 

4.0 

-h  .16 

—    15 

1.00  • 

+  I.I4 

- 

- 1.06 

- 

-   -75 

6.0 

+    .14 

-f-  .06 

—  -25 

I.I 

+  1.04 

- 

I^^ll 

- 

-    .64 

8.0 

+   .09 

-f-   .01 

—  -30 

1.2 

-1-0.94 

- 

- 

-   -55 

1 0.0 

4-  .06 

--  .02 

—  -33 

1-3 

+  .87       H 

V  .7^ 

- 

-   -47 

15.0 

+  -03 

—  .06 

—  .37 

1.4 

+  .80       H 

^  11 

- 

-    .40 

20.0 

+  .004 

—  .08 

—  -39 

>-5 

+  .75 

h   .66 

h-  .35    1 

1 

1 

22.0 

—  .001 

—  .09 

—  .40 

TABLE  48.—  RtdnoUoBi  of  DonaltlM  in  Air  to  Vaouo. 

(This  correction  may  be  accomplished  through  the  use  of  the  above  table  for  each  separate 
weighing.) 

If  s  is  the  density  of  the  substance  as  calculated  from  the  uncorrected  weights,  S  its  true  den- 
sity, and  L  the  true  density  of  the  liquid  used,  then  the  vacuum  correction  to  be  applied  to  the 
uncorrected  density,  s,  is  0.0012  (i  — s/L). 

Let  Ws  =  uncorrected  weight  of  substance,  Wi  =  uncorrected  weight  of  the  liquid  displaced 
by  the  substance,  then  by  definition,  s=  LWs/Wi.  Assuming  D  to  be  the  density  of  the 
balance  of  weights,  Ws  {i  -|-  0.0012  (i/S  —  i/D)  }and  Wi  {i  +  0.0012  (i/L  —  i/D)}are  the 
true  weights  of  the  substance  and  liquid  respectively  (assuming  that  the  weighings  are  mad» 
under  normal  atmospheric  corrections,  so  that  the  weight  of  i  cc.  of  air  is  0.0012  gram).. 

Ws{i  -h  0.0012  (i/S  —  i/D)  > 

Then  the  true  density  S  = \ L. 

\Vi{i  +  0.0012  (i/L— i/I))} 

But  from  above  Ws/Wi  =  s/L,  and  since  L  is  always  large  compared  with  0.0012, 

S  —  s^aooi2  (I  — s/L). 

The  values  of  0.0012  (i — s/L)  for  densities  up  to  20  and  for  liquids  of  density  i  (water), 
0.852  (xylene)  and  13.55  (mercury)  follow  : 

(See  reference  below  for  discussion  of  density  determinations). 


Density  of 
substance 

1 

Corrections. 

1 

1 

Density  of 
!    substance 

Corrections.                   1 

s. 

L=i 

L^  0.85  a 

L=  13.55 

'           ■ 

L=i 

L=  13.55 

Water. 

Xylene. 

Mercury. 

Water. 

Mercury. 

0.8 

+  0.00024 

II. 

—  0.0I20 

4-0.0002 

0.9 

+    .00012 

- 

- 

12. 

—    .0132 

+    .0001 

I. 

0.0000 

—  0.0002 

-f-o.ooii 

13- 

—    .0144 

0.0000 

2. 

—    .0012 

—    .0016 

-f    .0010     , 

14. 

—  .0156 

—  .0168 

0.0000 

3- 

—    .0024 

—    .0030 

-t-  .0009 

\l 

—    .0001 

4- 

—    .0036 

—    .0044 

+  .0008 

—    .0180 

—    .0002 

I 

—    .0048 

—    .0058 

+  .0008 

17. 

—    .0192 

—    .0003 

—    .0060 

—    -0073 

+  .0007 

18. 

—    .0204 

—    .0004 

7. 

—    .0072 

—    .0087 

-l-   .0006 

19- 

—    .0216 

—  .oooj 

—    .0006 

8. 

—    .0084 

—    .0101 

+  .0005 

20. 

—    .0228 

9- 

—    .0096 

—    .0115 

+    .0004 

10. 

—    .0108 

—    .0129 

+  .0003 

Smithsonian  Tablcs. 


Johnston  and  Adams,  J.  Am.  Chem.  Soc.  34,  p.  563,  191a. 


72  Ta*le  40. 

VOLUME  OF  A  GLA88  VESSEL  FROM  THE  WEIGHT  OF  ITS  EQUIVALENT 

VOLUME   OF   MERCURY   OR   WATER. 


V=PR   =/*^» 


If  a  glass  vessel  contains  ^Xf^Q^P  grammes  of  mercury,  weighed  with  brass  weights  In  air 
760  mm.  pressure,  then  its  volume  in  c.  cm. 

at  the  same  temperature,  /,  ; 

at  another  temperature,  /i,  :   V—  PK^  =  P pjd  1 1  +  7  (/i  —  /)  ( 

/  =  the  weight,  reduced  to  vacuum,  of  the  mass  of  mercury  or  water  which,  weighed  with  b 

weights,  equals  i  gram  ; 
d  =  the  density  of  mercury  or  water  at  /°  C, 
and  7  =  0.000  025,  is  the  cubical  expansion  coefficient  of  glass. 


WATER. 

1 

1 

• 

MERCURY. 

Temper- 

1 

i 

AturC 

R. 

^i,  /,  =  10°. 

1 

1 
i 

^1,  /j  _  10°. 

1 

^1,  A 

o<> 

1. 001 192 

1.001443 
1358 

1 

I.OO1693  1 

0.0735499 

0.0735683 

1" 

0.07 

I 

^^ZZ 

1609  ' 

5633 
5766 

5798 

- 

2 

1092 

r292 

1542   1 

5914 

> 

3 

1068 

1243 

1493 

5900 
6033 

6029 

4 

1060 

1210 

1460 

6144 

5 

1068 

"93 

1443 

1        6167 

6259 

6 

1. 001 092 

i.ooi  192 

1. 001442  \ 

0.0736301 

0-0736374 

0/ 

7 

1131 

1206 

1456 

6434 

6490 

8 

1184 

1234 

1485 

6568 

6605 

9 

1252 

1277 

1527 

6702 

6720 

■  ■ 

10 

^zzz 

«333 

1584 

6835 

6835 

■ 

II 
12 

1. 00 1 428 

1536 
1657 

1.001403 
i486 

1. 001 653 
1736 

0.0736969 
7103 
7236 

00736951 

13 

1582 
1690 

1832 

7181 

14 

1790 

1940  1 

7370 

7297 

IS 

1935 

1810 

2060  1 

7504 

7412 

i6 

1.002092 

1.001942 

1. 002 1 93 

0.0737637 

0.0737527   ' 
7642 

17 

2261 

2086 

2337   , 

7771 

18 

2441 

2241 

^591   , 

7905 

7757 

>9 

2633 

2407 

2658 

8039 

7872 

20 

2835 

2584 

2835 

8172 

7988 

21 

1.003048 

1.002772 

1.003023 

0.0738306 

0.0738103 

22 

3271 

2970 

3220 

8440 

8218 

23 

3504 

3178 

3429 

!    8573 

8333 

24 

3748 

3396 
3624 

3647 

?Z°7 

8449 

25 

4001 

3875 

8841 

8564 

26 

1.004264 

1.003862 

I.OO4II3 

0.0738974 

0.0738679 

27 

4537 

4110 

4361 

9108 

8794 

28 

4818 

4366 

4616 

1      9242 

891' 

29 

5110 

4632 

4884 

9376 

902; 

30 

5410 

4908 

5159 

9510 

914 

Taken  from  Landolt,  B6mstein,  and  Meyerhoffer*8  PhysikaUach-Chemische 
Smithsonian  Tablcs. 


25 

30 


'  max.  o.a. 

3.2. 

J. 


g/cafi  or  474  lb/ft* 
g/cstfi  or  490  lb/ft* 


64 

m«  or  25,000,000  Ib/W 
ira«  or  25,000,000  lb/in' 

nra*  or  12,000,000  lb/in' 

i)/in' 


I  kg/mm*  or  30,000  Ib/ia 
o  kg/mm"  or  50,000  Ib/ia 


.nimum  central  load  at  1 
turc  2.5  mm  (o.i  in.),  (A.  S 


1  dectrolytic  iron. 


XM$ 


Jibows  Si  4-40  as  aUc 


fjA  Table  4S. 

MECHANICAL  PROPERTIES* 

*  Compiled  from  various  sources  by  Harvey  A.  Anderson,  C.E.»  Assistant  Engineer  Physicist,  U.  S.  Bureau 
of  Standards. 

The  mechanical  properties  of  most  materials  vary  between  wide  limits;  the  following  figures  are  given  as 
being  reprssentative  ratherjthan  what  may  be  expected  from  an  individual  sample.  Figures  denoting  such 
properties  are  commonly  given  either  as  specification  or  experimental  values.  Unless  otherwise  shown,  the 
values  below  are  experimental.  Credit  for  information  included  is  due  the  U.  S.  Bureau  of  Standards;  the 
Am.  Soc.  for  Testing  Materials;  the  Soc.  of  Automotive  Eng.;  the  Motor  Transport  Corps,  U.  S.  War  Dept.; 
the  Inst,  of  Mech.  Eng.;  the  Inst,  of  Metals;  Forest  Products  Lab.;  Dept.  of  Agriculture  (Bull.  556);  Moore's 
Materials  of  Engineering;  Hatfield's  Cast  Iron;  and  various  other  American,  Englbh  and  French  authorities. 

The  specified  properties  shown  are  indicated  minimums  as  prescribed  by  the  Am.  Soc.  for  Testing  Materials, 
U.  S.  Navy  Dept.,  Panama  Canal,  Soc.  of  Automotive  Eng.,  or  Intern.  Aircraft  Standards  Board.  In  the 
majority  of  cases,  specifications  show  a  range  for  chemical  constituents  and  the  average  value  only  of  this 
range  is  quoted.  Corresponding  average  values  are  in  general  given  for  mechanical  properties.  In  gen- 
eral, tensile  test  specimens  were  xs.S  mm  (0.505  in.)  diameter  and  50.8  mm  (a  in.)  gage  length.  Sizes  of 
compressive  and  transverse  specimens  are  generally  shown  accompanying  the  data. 

All  data  shown  in  these  tables  are  as  determined  at  ordinary  room  temperature,  averaging  30*  C  (68*  P.). 
The  properties  of  most  metals  and  alloys  vary  considerably  from  the  values  shown  when  the  tests  are  con- 
ducted at  higher  or  lower  temperatures. 

The  following  definitions  govern  the  more  commonly  confused  terms  shown  in  the  tables.  In  all  cases  the 
stress  referred  to  in  the  definitions  is  equal  to  the  total  load  at  that  stage  of  the  test  divided  by  the  original 
cross-sectional  area  of  the  specimen  (or  the  corresponding  stress  in  the  extreme  fiber  as  computed  from  the 
flexure  formula  for  transverse  tests). 

Proportional  Limit  (abbreviated  P^lmlt).  —  Stress  at  which  the  deformation  (or  deflection)  ceases  to  be 
proportional  to  the  load  (determined  with  extensometer  for  tension,  ^ompresaometer  for  compression  and 
deflectometer  for  transverse  tests). 

Elastic  Limit.  —  Stress  which  produces  a  permanent  elongation  (or  shortening)  of  o.ooi  per  cent  of  the 
gage  length,  as  shown  by  an  instrument  capable  of  this  degree  of  precision  (determined  from  set  readings  with 
extensometer  or  compressometer).  In  transverse  tests  the  extreme  fiber  stress  at  an  appreciable  permanent 
deflection. 

Yield  Point.  —  Stress  at  which  marked  increase  in  deformation  (or  deflection)  of  specimen  occurs  without  in- 
crease in  load  (determined  usually  by  drop  of  beam  or  with  dividers  for  tension,  compression  or  transverse  tests). 

Ultimata  Strength  In  Tension  or  Compression.  —  Maximum  stress  developed  in  the  material  during  test. 

Modttlus  oi  Rupture.  —  Maximum  stress  in  the  extreme  fiber  of  a  beam  tested  to  rupture,  as  computed 
by  the  empirical  application  of  the  flexure  formula  to  stresses  above  the  transverse  proportional  limit. 

Modulus  of  Elasticity  (Young's  Modnlus).  —  Ratio  of  stress  within  the  proportional  limit  to  the  corre- 
sponding strain,  —  as  determined  with  an  extensometer.  Note:  All  moduli  shown  are  obtained  from  tensile 
tests  of  materials,  unless  otherwise  stated. 

Brinell  Hardness  Numeral  (abbreviated  B.  h.  n.).  —  Ratio  of  pressure  on  a  sphere  used  ta  indent  the 
material  to  be  tested  to  the  area  of  the  sphefical  indentation  produced.  The  standard  sphere  used  is  a  xo- 
mm  diameter  hardened  steel  ball.  The  pressures  used  are  3000  kg  for  steel  and  500  kg  for  softer  metals,  and 
the  time  of  application  of  pressure  is  30  seconds.  Values  shown  in  the  tables  are  based  on  spherical  areas 
computed  in  the  main  from  measurements  of  the  diameters  of  the  spherical  indentations,  by  the  following 
formula: 

B.  h.  n.  -  P  +  TtD  -  P  +  irD(D/2  -  VD^/T^IpU)' 
P  ■>  pressure  in  kg,  t  »  depth  of  indentation,  D  —  diameter  of  ball,  and  d  »  diameter  of  indentation,  —  all 
lengths  being  expressed  in  mm.  Brinell  hardness  values  have  a  direct  relation  to  tensile  strength,  and  hardness 
determinations  may  be  used  to  define  tensile  strengths  by  employing  the  proper  conversion  factor  for  the  ma- 
terial under  consideration. 

Shore  Sderoscope  Hardness.  *-  Height  of  rebound  of  diamond  pointed  hammer  falling  by  its  own  weight 
on  the  object.  The  hardness  is  measured  on  an  empirical  scale  on  which  the  average  hardness  of  martensitic 
high  carbon  steel  equals  xoo.  On  very  soft  metals  a  "  magnifier"  hammer  is  used  in  place  of  the  commonly 
used  "universal"  hammer  and  values  may  be  converted  to  the  corresponding  "universal"  value  by  multi- 
plying the  reading  by  f.  The  sderoscope  hardness,  when  accurately  determined,  is  an  index  of  the  tensile 
elastic  limit  of  the  metal  tested. 

Erichsen  Value.  —  Index  of  forming  quality  of  sheet  metal.  The  test  is  conducted  by  supporting  the 
sheet  on  a  circular  ring  and  deforming  it  at  the  center  of  the  ring  by  a  spherical  pointed  tool.  The  dq>th  of 
impression  (or  cup)  in  mm  required  to  obtain  fracture  is  the  Erichsen  value  for  the  metal.  Erichsen  standard 
values  for  trade  qualities  of  soft  metal  sheets  are  furnished  by  the  manufacturer  of  the  machine  corresponding 
to  various  sheet  thicknesses.    (See  Proc.  A.  S.  T.  M.  X7,  part  2,  p.  200,  xgxy.) 

Alloy  steels  are  commonly  used  in  the  heat  treated  condition,  as  strength  increases  are  not  commensurate 
with  increases  in  production  costs  for  annealed  alloy  steels.  Corresponding  strength  values  are  accordingly 
shown  for  annealed  alloy  steels  and  for  such  steels  after  having  been  given  certain  recommended  heat  treat- 
ments of  the  Society  of  Automotive  Engineers.  The  heat  treatments  followed  in  obtaining  the  properties 
shown  are  outlined  on  the  pages  immediately  following  the  tables  on  steel.  It  will  be  noted  that  considerable 
latitude  is  allowed  in  the  indicated  drawing  temperatures  and  corresponding  wide  variations  in  physical  prop- 
erties may  be  obtained  with  each  heat  treatment.  The  properties  vary  also  with  the  sise  of  the  specimens 
heat  treated.  The  drawing  temperature  is  shown  with  the  letter  denoting  the  heat  treatment,  wherever  the 
information  is  available. 


Table  #4. 

MECHANICAL  PROPERTIES. 

TABLE  44.  —  Ferrous  Metals  and  Alloys  —  Iron  and  Iron  Alloys. 
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MetaL 


Gmde. 


Iron: 

Electrolytic*  (remelt) :  as-  forged. . . 

annealed  900*^  C. 
Gray  cast}(i9  mm  diam.  bars)  — 

Malleable  cast,   Americ&n    (after 

Hatfield) 

European  (after   Am.  Malleable 

Castings  Ass.) 

(run of  24  successive  heats,  iqiq)! 
Commercial  wrought 

Silicon  allojrsl!  Si  0.01:  as  forged. . . 
(Melted  m  vacuo)  ann.  970  C 
(Note:  C  max.  o.oi  per  cent) 

Si  1.71 :  as  forged 

annealed  070°  C 

Si  4.40 :  as  f orge<( 

annealed  970**  C 

Ahmiinnm  alk^lf  Al  0.00 :  as  forged 
(Melted  in  vacuo)  ann.  1000''  C 
(Note:  C  max.  o.oi  per  cent) 

Al  3.06 :  as  forged 

annealod  1000®  C 

Al  6.24:  as  forged. 

annealed  1000^  C 


i 


Tensioa. 
kg/mm> 


34.0 

"•5 
indet. 

(14.0 

.19.0 
(28.0 

(iQS 
122.5 

29.5 

II.O 

48.0 
25.0 
U.o 

Si.o 
35-5 
"•5 

48.0 
22.5 

54.5 
37.S 


38.5 
27.0 

117.5 
126.5 

(245 
1 40.0 

(295 

145-5 
40.8 

(34.0 

U7.0 

3I-S 
24-5 

53-5 
38.0 

74.0 

64.5 
38.5 
24.5 

54.5 

37-5 
60.5 

49.0 


S 
♦3  - 


TensioD 
lb/in* 


48,500 
18,000 
indet. 

(20,000 
{45,000 
( 27,000 
(40,000 

(28,000 

(32,000 

41,800 

16,000 

68,100 
35,800 
94,000 
72,900 
5o»7oo 
17,600 

68,200 
31,800 
77,700 
53,400 


55,a» 
38,000 

{25,000 

138,000 

i  35,000 

<  57,000 

/  42,000 

{65,000 

58,000 

(48,000 

1 53,000 

45,200 

34,900 

76,300 
54,200 
105,000 
91,600 
54,700 
34,900 

77,500 
53,400 
86,000 
69,800 


tm-B 


Hardness. 


Percent 


330 

520 

negli 

{15.0 

^  4-5 
/   6.0 

{   2.0 

21.6 

(40.0 

1 30.0 

350 

530 

37-0 
50.0 
6.0 
24.0 
26.0 
60.0 

21.0 
510 
28.0 
27.0 


83.0 
87.0 
gible 

[15.0 

^  4-5 
^  6.0 

[   2.0 

[45-0 

^350 

78.0 

81.5 

82.0 
90.6 

7.5 
25.1 
84.3 
935 

76.4 

85.3 
74.7 
55.5 


Brineil 

at  3000 

kg 


95t 

75  t 
100 

150 


Sdero- 
scope. 


18 

{24 
(40 


{25 

130 


Composition,  approximate: 

£lectrolytic,  C  0.0125  per  cent;   oUicr  impurities  less  than  0.05  per  cent. 

Cast,  gray:  Graphitic,  C  5.0,  Si  x.3  to  3.0,  Mn  0.6  to  0.9,  S  max.  o.x,  P  max.  x.2. 

A.  S.  T.  M.  Spec.  A48  to  18  allows  S  max.  o.xo,  except  S  max.  o.x 2  for  heavy  castinn. 
Malleable:  American  "  Buck  Heart,"  C  2.8  to  3.5,  Si  0.6  to  0.8,  Mn  max.  0.4,  S  max.  0.07,  P  max.  0.2. 

European  "  Steely  Fracture,"  C  2.8  to  3.5,  Si  0.6  to  0.8,  Mn  0.15,  S  max.  0.35,  P  max.  0.2.  * 

Compresaive  Strengths  [Specimens  tested:  25.4  mm  (i  in.)  diam.  cylinders  76.2  mm  (3  in.)  bngj. 
Electrolytic  iron  56.5  kg/mm*  or  80,000  lb/in*. 

Gray  and  malleable  o^t  iron  56.5  to  84.5  kg/mn^  or  80,000  to  x  20,000  lb/in*. 
Wrought  iron,  approximately  equal  to  tensUe  yield  point  (slightly  above  P4imit). 
Density: 

Electrolytic  iron 7.8  g/cm*  or  487  lb/ft*    Malleable  iron 7.6.  g/cxaf  or  474  lb/ft« 

Cast  iron 7-2  g/cm*  or  449  lb/ft'    Wrought  iron 7.85  g/cm»  or  490  lb/ft' 

Ductility:  —  Normal  Erichsen  values  for  good  trade  quality  sheets,  0.4  mm  (0.0x56  in.) 

Thickness,  soft  annealed.  Depth. 

mm  in. 

Sheet  metal  hoop  iron,  poUshed 9.5  0.374 

Charcoal  iron  tinned  sheet 7.5  0.295 

Second  quality  tinned  sheet 6.7  0.264 

Modulus  of  dasticity  in  tension  and  compression: 

Electrolytic  iron- 17,500  kg/mm*  or  25,000,000  lb/in*    Malleable  iron. . .  x7,5oo  kg/mm*  or  25,000,000  lb/in* 

Cast  iron xo.soo  kg/mm*  or  15,000,000  lb/in*    Wrought  iron. . . .  x7,5oo  kg/mm>  or  25,000,000  Ib/in> 

Modulus  of  elasticity  in  shear: 

Electrolytic  iron 7030  k^/mm*  or  xo,ooo,ooo  lb/in>   Cast  iron 8450    kg/mm*  or  12,000,000  lb/in* 

Wrought  iron 7030  kg/mm*  or  xo,ooo,ooo  lb/in« 

Scleroecoj^  hardness  values  shown  are  as  determined  with  the  Shore  Universal  hammer. 
Strength  m  Shear: 
Electrol^c  (remdt)  Commercial  wrought 

P-limit 8.4  kg/mm*  or  X2,ooo  Ib/in>        P-limit 21.x  kg/mm'  or  30,000  Ib/in> 

Ultimate  strength 2X.x  k£^mm>  or  30,000  lb/in*        Ultimate  strength . .      35.0  kg/mm'  or  50,000  lb/in< 

Transverse  stroigth,  from  flexure  formula: 
Gray  cast  iron 

Modulus  of  rupture,  33.0  kg/mm*  or  47,000  lb/in* 

"Arbitration  Bar,"  3X.8  mm  (xj  in.)  aiameter,  or  304.8  mm  (x2  in.)  span;  minimum  central  load  at  rup- 
ture X130  to  X500  kg  (2500  to  3300  lb.);  minimum  central  deflection  at  rupture  2.5  mm  (o.x  in.),  (A.  S.  T. 
M.  Spec.  A  48-X8). 
*  Properties  of  Swedish  iron  (impurities  less  than  x  per  cent)  approximate  those  of  dectrolytk  iron, 
t  These  two  values  of  B.  h.  n.   only  are  as  determined  at  500  kg  pressure. 
X  U.  S.  Navy  specifies  minimum  tensile  strength  of  X4.X  kg/mm'  or  20,000  lb/in'. 
§  Averages  for  a  U.  S.  foundry. 

11  FromT.  D.  Yensen,  University  of  Illinois,  Engr.  Exp.  Station,  BuUetin  No.  83,  X9X5  (shows  Si  4.40  as  alloy  of 
maximum  strength). 

Y  From  T.  D.  Yensen,  University  of  Illinois,  Engr.  Exp.  Station,  BuUetin  No.  95,  19x7. 
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Tables  M-m. 

MECHANICAL  PROPERTIES  OF  MATERIALS- 

TABLE  45.  —  Carbon  Steels  —  Commercial  Experimental  Values. 


S.  A.  E.  (Soc.  of  Automotive  Eng.,  U.  S.  A.)  classification  scheme  used  as  basis  for  steel  groupings.  First 
two  digits  S.  A.  E.  Spec.  No.  show  steel  group  number,  and  last  two  (or  three  in  case  of  five  figures)  show 
carbon  content  in  hundredths  of  one  per  cent. 

The  first  lines  of  properties  for  each  steel  show  values  for  the  rolled  or  forged  metal  in  the  annealed  or  nor- 
malized condition.  Comparative  heat-treated  values  show  properties  after  receiving  modified  S.  A.  £.  heat 
treatment  as  shown  below  (Table  46).  The  P-limit  and  ductility  of  cast  steel  average  slightlv  lower  and  thr 
ultimate  strength  10  to  15  per  cent  higher  than  the  values  shown  for  the  same  composition  steel  in  the  annealed 
condition.  The  properties  of  rolled  steel  (raw)  are  approximately  equal  to  those  shown  for  the  annealed  con- 
dition, which  represents  the  normalized  condition  of  tne  metal  rather  than  the  soft  annealed  state. 

The  data  for  heat-treated  strengths  are  average  values  for  specimens  for  heat  treatment  ranging  in  size 
from  1  to  xi  in.  diameter.  The  final  drawing  or  quenching  temperature  for  the  properties  shown  is  indicated 
in  degrees  C  with  the  heat  treatment  letter,  wherever  the  information  is  available.  In  general,  specimens 
were  drawn  near  the  lower  limit  of  the  indicated  temperature  range. 


Metal. 

S.  A.  £. 

spec. 

no. 

b.A.Jl!<* 

heat 
treat- 
ment. 

• 

S 

Ultimate 
strength. 

Ultimate 
strei^gth. 

mE  c 

SoO*" 

1 

uct. 
rea. 

I 

Hardness.  1 

1 

Nominal 
contents 
per  cent. 

1 
0* 

.•4 

1 

0* 

Is 

■ 

ft,  0 

a  0 

® 

• 

0  « 

Ji  0 

W5  * 

Tension 

kg/ mm* 

Tension 
lb/in« 

Per  cent 

Steel,  carbon 

xoio) 
xoxo  ) 
X020) 

X020  1 
1045  1 

1045  J 
10951 
109s) 

See  Spec. 
No. 

(Mn  0.4s) 
(Mn  0.6s) 
(Mn  0.3s) 

Ann. 
A 

Ann. 
H  230"  C 

Ann. 
H  260^  C 

Ann. 
F  5IO-  C 

24.0 
27.0 
28.0 
350 
40.0 
62.0 
42.0 
84.0 

32.0 
42.0 
38.0 
56.0 
50.0 
86.0 
56.0 
Z23.0 

34,500 
39,000 
39,500 
49,500 

88^000 

59.500 

X  20,000 

46,000 
60,000 
54,400 
79,500 
71.300 

123,000 
79,000 

175,000 

370 
30.0 
32.0 
20.0 
23 -o 

13-5 

21.0 

6.0 

72.0 
62.0 

68.0 

59  0 
S40 
36.0 

18.0 

X20 
XOO 
176 
168 
290 
187 
551 

x8 
24 
17 
35 
27 
45 
29 
75 

. -_ J , 

Specification  values:  Steel,  castings,  Ann.  A.S.T.M.  A27-16,  Class  B;*  P  max.  0.06;  S  max.  0.05. 

Grade. 

Yield  point. 

Ultimate  tensile  strength 

Per  cent 

elong. 
50.8  mm 
or  2  in. 

Percent 
reduct. 
area. 

kg/mmi 

Ib/ini 

Hard 

0.45  ultimate 
0.45 

0.  As 

56.2 
49-3 

49-  9 

80,000 
70,000 

60r000 

22 

20 
as 

7n 

Medium 

Soft 

«»■» 

- 

Structural  Steel:    Rolled:   S  max.  0.05;    P-Bess.  max.  o.io;  -O-H.  max.  0.06. 
Tension:    Yield  Point  min.  »  0.5  ultimate;  ultimate  ■-  38.7  to  45.7  kg/mm*  or  55,000  to  65,000  lb/in* 
with  22%  min.  elongation  in  50.8  mm  (2  in.). 

*  Average  carbon  contents:  steel  castings,  C  0.30  to  0.40;  structural  sted,  C  0.15  to  0.30  (mild  carbon  or  medium 
hard  steel). 

TABLE  46.  —  Explanation  of  Heat  Treatment  Letters  nsed  in  Table  of  Steel  Data. 

Motor  Transport  Corps  Modified  S.  A.  E.  Heat  Treatments  (or  Steels.  (S.  A.  £.  Handbook,  Vol.  i,  pp. 
gd  and  9e,  19x5,  q.  v.  for  alternative  treatments.) 

Heat  Treatment  A.  —  After  forging  or  machining  (i)  carbonize  at  a  temperature  between  870  and  930*  C. 
(1600  and  i7oo'*  F.):   (2)  cool  slowly;   (3)  reheat  to  760  to  820   C.  (1400  to  isoo"  F.)  and  ouench  in  oiL 

Heat  Treatment  D.  —  After  f orgmg  or  machining:  ( i )  heat  to  8  20  to  840"  C.  ( 1 500  to  1 550^  F.) ;  (2)  quench ; 
(3)  reheat  to  790  to  820*  C.  (1450  to  1500"  F.);  (4)  quench;  (5)  reheat  to  320  to  650*  C.  (600  to  1200*  F.) 
and  cool  slowly. 

Heat  Treatment  F.  —  After  shaping  or  coiling:  (i)  heat  to  775  to  800"  C.  (1425  to  X475*  F.);  (2)  quench: 
(3)  reheat  to  200  to  480*  C.  (400  to  900*  F.)  in  accordance  with  degree  of  temper  requved  and  cool  slowly. 

Heat  Treatment  H.  —  After  forging  or  machining:  (z)  heat  to  820  to  840*  C.  (1500  to  1550*  F.); 
(2)  quench;    (3)  reheat  to  230  to  650"  C.  (450  to  1200   F.)    and  cool  slowly. 

Hdat  Treatment  L.  —  After  forging  or  machining:    (x)  carbonize  at  a  temperature  between  870  and 

gso**  C.  (x6oo  and  1750*  F.).  preferably  between  900  and  930**  C.  (1650  and  1700   ¥.)]   (2)  cool  slowly  in  car- 
onizing  material;    (3)  reheat  to  790  to  820"  C.  (x45o  to  1500*  F.);   (4)  quench;   (5)  reheat  to  700  to  760*  C 

■      id       "    *      ■ 


(1300  to  xAoo"  F.);   (6)  quench;    (7)  reheat  to  X20  to  260**  C.  (250  to  500   F.)  and  cool  slowly. 
Heat  Treatment  M.  —  After  torging  or  machining:     (i)  heat  to   790  to  820*  C. 

(2)  _^uencb;    (3)  reheat  to  between  260  and  680**  C.  (500  ana  1250*  F.)  and  cool  slowly. 

820"  C.  (14s 
reheat  to  260  to  650"  C.  (500  to 


Heat  Treatment  P.  —  After  forging  or  machinins:'  (x)  heat  to  790  to  820"  C.  (1450  to  1500*  F.);   (2) 

7SO  to  770*  C.  (1375  to  i425*^F.);   (4)  quench;   (5) 


quench;  (3)  reheat  to  /^^ 
x2oo*F.)  and  cool  slowly. 

Heat  Treatment  T.  —  After  forging  or  machining:  (z)  heat  to  900  to  950'  C.  (1650  to  1750**  F.);  (2)  quench; 
(3)  reheat  to  260  to  75>o°  C.  (500  to  X300*  F.)  and  cool  slowly 


(2)  cool  slowly;   (3)  reheat  to  900  to  930" 
(350  to  sso"  F.)  and  cool  slowly 


(1650  to  1700*  F.);   (4)  quench;    (5)  reheat  to  x8o  to  390**  C. 


Heat  Treatment  u.  —  After  forging:    (z)  heat  to  830  to  870*  C.  (X525  to  1600**  F.),  hold  half  an  hour; 
'  C.  (x(  -  -  -      -  -  .... 

Heat~ 'Treatment  V.  —  After  forging  or   machining,    (z)  heat  Jo  900   to  950*  C.    (z6so   to    x7So*F.); 


(2)  quench;   (3)  reheat  to  between  200  and  650°  C.  (400  and  Z20o"  F.)  and  cool  slowly. 

EoiTOK's  Note:  Oil  quenching  is  recommended  wherever  the  instructions  specify  "  ouench,"  inasmuch  as 
the  data  in  the  table  are  taken  from  tests  of  automobUe  parts  which  must  resist  considerable  vibration  and 
which  are  usually  small  in  section.    The  quenching  medium  must  always  be  carefully  considered. 
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Metal. 


Steel,  nickel 


nickel 
chrome.. . 


chromitim. 


cfarome 
vanadium 


silico- 
manganese 


tungsten. . 


o-  A>  •!<> 

spec, 
no. 


^315 

231S 

2335 

^33S 

2345 

2345 
Invar 


6130 1 
6130/ 

619s  \ 
6195/ 


Nominal 
contents, 
percent. 


Ni  3.50 

(Mn  0.65) 

Ni  36.0 
C  0.40 


{ 


Ni 
Cr 


1.25 
0.60 


(Mn  0.65) 

Ori  1.7s 
>  1. 10 
.    n  0.45) 

O'^i  3-So 
"r  1.50 
,     n  0.45) 
Cr    1.00 
(Mn  0.3s) 
Cr    1.20 
(Mn  0.3s) 

(Mn  0.65) 
/  Cr  0.95 
\V   0.18 

(Mn  0.35) 


S.  A.  £«. 
heat 
treat- 
ment. 


Ann. 

H 
Ann. 

H 
Ann. 

H 

Ann. 

Ann. 
H4So*^C 

Ann. 
HorD 

Ann. 
HorD 

Ann. 
M 

Ann. 
L 

Ann. 
.    P 

Ann. 
Mor  P 

Ann. 
M  or  P 

Ann. 
.    T 

Ann. 
U 

Ann. 

V 
Ann. 

V 
Ann. 
Ann. 
Quench 
1065** 
Draw 
205 


^C 


Tension 
kg/ mm* 


300 

530 

39-0 
106.0 

44.0 

136.0 

50.0 

34.0 
60.0 

40.0 

88.0 

39-0 
77.0 

44.0 

134.0 

32.0 

77.0 

390 
120.0 

44.0 
144.0 

44.0 
141. o 

430 
84-0 

48.0 
176.0 

42.0 
91.0 
48.0 

1 13-0 
340 
63.0 

158.5 


380 
76.0 
48.0 

13 1.0 

55.0 

149.0 

77.5 

440 
82.0 
50.0 

121.0 
49.0 

106.0 

550 
183.0 

42.0 
105.0 

52.0 
163.0 

58.0 
193.0 

58.0 
178.0 

59-0 
1150 

63.0 
232.0 

54.0 
122.0 

61.0 
148.0 

59.0 
89.0 

I75-0 


si 


Tension 
lb/in« 


£.3 


Per  cent. 


42,500 
75,000 
55,000 

151,000 
62,500 

i93>ooo 

71,000 

49,000 

85,000 

57f00o 
125,000 

5S,ooo 
110,000 

62,000 
190,000 

46,000 
110,000 

56,000 
170,000 

62,000 
205,000 

62,000 
200,000 

61,500 
120,000 

68,200 
250,000 

60,000 
130,000 

68,000 
160,000 

48,100 

90,000 

225,000 


54,000 
107,500 

68,000 
186,000 

78,000 
212,000 

110,000 

62,000 
116,000 

71,300 
172,000 

69,000 
151,000 

78,000 
260,000 

59,500 
150,000 

74,000 
232,000 

82,000 
275,000 

82,000 
253,000 

84,500 
163,000 

90,000 
330,000 

77,000 
174,000 

87,000 
211,000 

84,200 
126,000 

248,000 


32-0 
18.0 
24.0 
15-0 
21.0 
12.0 

30.0 

23.0 
23.0 
20.0 
18.0 
21.0 
23.0 
19.0 
16.0 
21.0 
23.0 
18.0 
18.0 
16.0 

7.0 
13.0 

7.0 

23.0 
16.0 

16.0 
8.0 

16.0 
14.0 
130 
12.0 
20.5 
14.0 

6.0 


60.0 
55-0 
53.0 
510 
48.0 
45.0 

50.0 

530 
48.0 
46.0 
430 
50.0 
48.0 
42.0 
32.0 
50.0 
48.0 

45.0 
42.0 
31.0 
26.0 
24.0 
25.0 

51.0 
43-0 

38.0 
24.0 

28.0 
24.0 
22.0 
21.0 

315 
22.1 

430 


Hard- 
ness. 


=3- 


M 


138 
321 
165 
465 
172 

570 


155 
270 

182 

330 
170 

375 
180 

480 


375 

479 
500 


524 

152 
432 


562 


441 


470 


520 


43 
62 

76 


22 

36 
30 
44 

50 

64 

50 
64 
66 

70 

59 

75 

59 
63 

64 


Genssal  Note.  —  Table  on  steds  after  Motor  Transport  Corps,  Metallurgical  Branch  of  Engineering  Division, 
Table  No.  8S. 

Maximum  allowable  P  0.045  or  less,  maximum  allowable  S  0.05  or  less. 

Silicon  contents  were  not  determined  by  Motor  Transport  Corps  in  preparing  table,  except  for  silico-manganese  steels. 
Compressive  strengths: 

for  all  steeb  approx.  equal  to  yield  point  in  tension  (slightly  above  P-limit). 
Density: 

Sted  weighs  about  7.85  g/cm*  or  490  lb/ft* 
Ductility,  Erichsen  values: 

0.75  mm  (0.029  inO  thick,  low  carbon  soft  annealed  sheet  (B.  S.),  depth  of  indentation  12.0  mm  or  0.472  in. 
X.30  mm  (0.050  in.)  thick,  low  carbon  soft  annealed  sheet  (B.  S.),  dq>th  of  indentation  12.5  mm  or  0.492  in. 
Modulus  of  dasticity  in  tension  and  compression: 

Fat  aU  st^s  approx.  21,000  kg/nux^  «>  30,000,000  Ib/in>. 
Modulus  of  elasticity  in  shear: 

For  all  steels  approx.  8400  kg/mm*  ^  12,000,000  lb/in*. 
Sderoscope  hardness  values  shown  are  as  determined  with  the  Shore  Universal  hammer. 
Strength  in  shear: 

P-Iimit  and  ultimate  strength  each  about  70  per  cent  corresponding  tensile  values. 
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TABLE!  46^00. 

MECHANICAL  PROPERTIES. 
TABLE  48.  —  Steel  Wire  —  Specification  Values. 


(After  I.  A.  S.  B.  Specification  3S12,  Sept,  19x7,  for  High-strength  Sted  Wire.) 
S.  A.  E.  Carbon  Sted.  No.  1050  or  higher  number  specified  (see  Carbon  steeb  above).    Sted  used  to  be  manufac- 
tured by  acid  open-heartn  process,  to  be  rolled,  drawn,  and  then  uniformly  coated  with  pure  tin  to  solder  readHy. 


American 

or 
B.  and  S. 
wire  gage. 

Diameter. 

Req'd 

twists  in 

303.3  mm 

or  8  in. 

Wright. 

Req'd 

bends 

thru  90' 

Spec. 

minimum  tensile  strength.        1 

mm 

in. 

kg/zoom 

Ib/ioo 
ft. 

kg 

lb. 

kg/mm* 

lb/in« 

6 

4. "5 

0.162 

16 

10.44 

^.01 

5 

2040 

4500 

154 

219,000 

7 

3.66s 

.144 

19 

8.28 

SS^ 

6 

1680 

3700 

161 

229,000 

8 

3.264 

.129 

21 

6-55 

4.40 

8 

1360 

3000 

164 

233,000 

9 

2.906 

.114 

23 

S-2I 

3. SO 

9 

"35 

2500 

172 

244,000- 

10 

2.588 

.102 

26 

4.12 

2.77 

II 

910 

2000 

172 

244,000 

II 

2.30s 

.091 

30 

3.28 

2.20 

14 

735 

1620 

179 

254,000 

12 

2   053 

.081 

3S 

2.60 

1.74 

17 

590 

1300 

177 

252,000 

13 

1.828 

.072 

37 

2.06 

1.38 

21 

470 

1040 

179 

255,000 

14 

1.628 

.064 

42 

1.64 

1. 10 

25 

375 

830 

181 

258,000 

IS 

1.450 

.057 

47 

I  30 

0.87 

29 

300 

660 

182 

259,000 

16 

1. 291 

.051 

55 

1.03 

0.69 

34 

245 

540 

186 

264,000 

17 

1. 150 

.045 

60 

0.81 

0-55 

42 

195 

425 

188 

267,000 

18 

1.024 

.040 

67 

0.65 

0.43 

52 

155 

340 

190 

270,000 

19 

0.912 

.036 

7S 

0.51 

0.34 

70 

125 

280 

193 

275,000 

20 

0.812 

.032 

8S 

0.41 

0.27 

85 

100 

225 

197 

280,000 

21 

0.723 

.028 

96 

0.32 

0.22 

105 

80 

175 

200 

^84,000 

Note.  —  Number  of  ^^  bends  specified  above  to  be  obtained  by  bending  sample  about  4.76  mm  (0.188  in.)  radius, 
altematdy,  In  opoosite  directions. 

(Above  specification  corresponds  to  U.  S.  Navy  Department  Specification  33W6,  Nov.  i,  19x6,  for  tinned,  galvan- 
ised or  bright  aeroplane  wire.) 

TABL£  49.  —  Steel  Wire  —  Experimental  Valuea. 

(Data  from  tests  at  General  Electric  Company  laboratories.)    "  Commercial  Sted  Music  Wire  (Hardened).' 


Diameter. 

Ultimate  strength. 

mm 

in. 

kg/mm*  tension  lb/in" 

13.95 

• 

0.051    • 

326.0 

321.500 

XI.  70 

.046 

349.0 

354.000 

9. IS 

.036 

253.0 

360,000 

7.60 

030 

360.0 

370,000 

6.3s 

.035 

363.0 

372,500 

4.55 

.018 

365. 5 

378,000 

3. 55* 

.010 

386. 5 

550,000 

1.65* 

.0065 

527.0 

750,000 

4.5St 

.018 

49.2 

70,000 

*  For  4.55  mm  wire  drawn  cdd  to  indicated  sizes,      t  For  4.55  mm  (0.0x8  in.)  wire  annealed  in  Hs  at  850*  C. 

TABLE  W.  —  Semi-steel. 

Test  results  at  Bureau  of  Standards  on  xsc-mm  shdl,  Jan.  19x9. 

Microstructure  —  matrix  resembling  peanitic  sted,  embedded  in  which  are  flakes  of  graphite. 

Composition-Comb.  C  0.60  to 0.76,  Mn  0.88,  P  0.43  to 0.43,  S  0.077  to 0.088,  Si  x. 33  to  1.33,  graphitic  C  3.84  to  3.94. 


MetaL 

E 

2 

Ultimate 
strength. 

Ultimate 
strength. 

p:. 

Ultimate 
strength. 

*i 

tM 

i^ 

Hardness. 

2    j    5S 

Brindl 

@3000 

kg 

SclcTO- 

soope. 

Tension 

kg/mm« 

Tension 
lb/in« 

Compression 
kg/mm" 

Compression 
lb/in» 

Seml-cteel: 

Graph.  C  3.85       \ 
Comb.  C  0. 76        / 

Graph.  C  3.03       \ 
Comb.  Co. 60        / 

7.9 
4.3 

19.8 
14.9 

II,200 
6,000 

a8,30o 
21,300 

243 
18.3 

73.6 
61.4 

34,500 

• 

a6,ooo 

103,000 
87,300 

X76 
170 

— 

Tension  specimens  13.7  mm  (0.5  in.)  duimeter,  50.8  mm  (3  in.)  gage  length;    doiigation  and  reduction  of 
area  negligible. 

Comprtssion  specimens  20,3  mm  (0.8  in.)  diameter,  61.0  mm  (3.4  in.)  long;  failure  occurring  in  shear. 
Tcn8K>n  set  readings  with  extwisometer  showed  dkstic  limit  of  2.1  kg/mm"  or  3000  lb/in*. 
Modulus  of  elasticity  in  tension  —  9560  kg/mm<  or  13,600,000  lb/in*. 

Smithsonian  Tables. 


TABLE  61.  — Stoel-wke  Rope  — Spedfication  Valiwi.  79 

Cast  steal  wire  to  be  of  hard  crucible  steel  with  minimum  tensile  strength  of  155  kg/mm>or  330,000  lb/in* 
and  minimum  elongation  of  2  per  cent  in  354  mm  (10  in.).  ^    ,       ^ 

Plow  Btael  wire  to  be  of  hard  crucible  steel  with  minimum  tensile  strength  of  183  kg/mm>  or  a6o,ooo 
lb/in*  and  minimum  elongation  of  a  per  cent  in  2^4  mm  lio  in.}. 

Annealed  Bteel  wire  to  be  of  crucible  cast  steel,  annealed,  with  minimum  tensile  strength  of  77  kg/mm*  or 
z  10,000  fb/in*  and  minimum  elongation  of  7  per  cent  in  254  mm  (10  in.). 

Type  A:  6  strands  with  hemp  core  and  xg  wires  to  a  strand  (»  6  X  xg),  or  6  strands  with  hemp  core  and 

x8  wires  to  a  strand  with  jute,  cotton  or  hemp  center. 
Type  B:   6  strands  with  hemp  core,  and  12  wires  to  a  strand  with  hemp  center. 
Type  C:  6  strands  with  hemp  core,  and  14  wires  to  a  strand  with  hemp  or  jute  center. 
Type  AA:  6  strands  with  hemp  core,  and  37  wires  to  a  strand  (»■  6  X  37)  or  6  strands  with  hemp  core  and 
36  wires  to  a  strand  with  jute,  cotton  or  hemp  center. 


Description. 

Diameter. 

Approz.  weight. 

Minimum  strength.        1 

mm 

in. 

kg/m 

lb/ft 

kg 

lb. 

Gttbr.  caqt  steel.  Type  A 

it                ((                K                 tt         <t 
l(                 ((                ((                 (1         « 
«                U                «                 tl        It 

Gahr.  cast  steel,  Type  AA 

It               ft               ft                 it              C( 

tt          It          tt           tt         tt 
tt         tt         tt           tl         tt 

Gahr.  case  steel,  Type  B 

tt      tt     .  tt        tt     tl 

tt       tt       tt       tt     it 

tt      tt       tl       It     It 

Galv.  cast  steel,  Type  C 

ft       ft       ft        ft     ft 

Gahr.  plow  steel.  Type  A 

ft       ft       tt        ft     ft 

tl       It       tt       tt     tt 

tt       tt       It        It     tt 

Galv.  plow  steel,  Type  AA 

ft       tl       tt        tt       it 

tt       tt       it        tt       tl 

tt          tt          n          tt         tt    ' ' 

95 
12.7 

25 -4 
38.1 

9  5 
12.7 

25-4 

38.1 

95 
12.7 

25. 4 

38.1 

25-4 

41.3 

95 
12.7 

254 

36.5 

95 
12.7 

25. 4 
41.3 

■f 

0.31 

0.55 
2.23 

506 

0.3s 
0.58 
2.23 
5-28 
0.25 
0.42 
1.68 
3-94 
1.59 
4-35 
0-31 

0-55 
2.23 

4.66 

0.33 
0.58 

2.3s 
6.18 

0.21 

0.37 
1.50 
340 
0.22 

0.39 
ISO 

3-55 
0.17 

0.28 

113 
2.65 

1.07 

2.92 

0.21 

0.37 
I  SO 

3  13 
0.22 

0.39 
1.58 

4.15 

3.965 
6,910 

27,650 

63,485 
3,840 
7,410 

27,650 

59,735 
2,995* 
S,2io 

20,890 

47,965 
18,825 

51,575 
4,690 
8,165 

32,675 
69,140 

4,540 

8,750 

32,250 

83,010 

8,740 
15,230 
60,960 

139,960 
8,460 

16,330 
60,960 

131,696 
.6,600 
11,500 
46,060 

105,740 
41,500 

"3,700 
10,340 
18,000 
72,040 

152,430 
10,000 
19,300 
71,100 

183,000 

TABLE  62.  — Plow  Steel  Hoisting  Rope  (Bright). 

(After  Panama  Canal  Specification  No.  303,  xgi2.) 
Wire  roi>e  to  be  of  best  plow  sted  grade,  and  to  be  composed  of  6  strands,  xg  wires  to  the  strand,  with  hemp  center. 
Wires  entering  bto  construction  of  rope  to  have  an  elongation  in  203.2  mm  or  8  in.  of  about  2I  per  cent. 


Diameter. 

Spec,  minimum  strength. 

Diameter. 

Spec,  minimum  strength.         1 

mm 

in. 

kg 

lb. 

mm 

in. 

kg 

lb. 

95 
12.7 

19.0 
25-4 

I 

5,215 

9,070 

20,860 

34,470 

11,500 

.   20,000 

46,000 

76,000 

38.1 
50.8 

635 
69.9 

2 

74,390 
127,000 
207,740 
249,350 

164,000 
280,000 
458,000 
550,000 

I 

TABLE  63.  —  Steel-wire  Rope  —  Experimental  Values. 
(Wire  rope  purchased  under  Panama  Caiml  Spec.  302  and  tested  by  U.  S.  Bureau  of  Standards,  Washington,  D.  C.) 


Descriptk>n  and  analysis. 

Diameter. 

Ultimate  strength. 

Ultimate  strength         1 
(net  area).              1 

mm 

in. 

kg 

lb. 

kg/mm* 

lb/in* 

Plow.  Steel,  6  strands  x  19  wires 
C  0.90,  S  0.034,  P  0.024,  Mn 
0.48,  Si  0.172 

50.8 
69.9 
82.6 
82.6 

2 

• 

3i 

3i 

137,900 
314,800 
392,800 
425,000 

304,000 
694,000 
866,000 
937,000 

129.5 
151. 2 

132.2 
142.5 

184,200 
214,900 
187,900 
202,400 

Plow  Steel,  6  strands  x  25  wires 
C  0.77,  S  0.036,  P  0.027,  Mn 
0.46,  Si  0.1  ^2 

Plow  Steel,  6x37  plus  6  x  19 
C  0.58,  S  0.032,  P  0.033,  Mil 
0.41,  Si  0.160 

Monitor  Plow  Steel,  6  x  61  plus 
6  X  19,  C  0.82,  S  0.025,  P  0.019, 
Mn  0.2'?-  Si  0.160 

Recommended  allowable  load  for  wire  rope  running  over  sheave  b  one  fifth  of  specified  min.  strength. 
Smithsonian  Tables. 
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Tables  64-55. 
TABLE  64.  —  Alumiiiiuii. 


Metal,  approx. 
composition, 
percent. 


Aluminum: 
Av.  Al  09-3 
Imp.,  re  and  SL 


Condition. 


Cast,    sand    at 
7oo"C 

Cast,  sand  and 
heat  treated 
Ann.  joo"  C,  air 
cooled 

Cast,  chill 

Sheet,  ann 

Sheet,  bard 

Bars,  hard 

Wire,  hard 


Density 
or  weight 


gra 
per 
cm' 


Ib.per 
ft» 


2. 57 


2. 57 
a. 69 
2.70 
2.70 
a.  70 


160.5 


tS5 


Tension, 
kg/mm* 


160.5 
168.0 
168.5 
168. 5 
168. 5 


6.0  to 
70 


6.0 

6.0 

14. o 

15  o 

21.0 


8.oto 
9.8 

8.9to 

9-6 

9.0 

9.0 

21.0 

a3.o 

28.0 


§5 


Tension, 
Ib./in* 


8,500  to 
xo,ooo 


9,000 

8,500 

20,000 

22,000 

30,000 


X  3,000  to 
14,000 

12,600  to 

13,600 
13.000 
13,500 
30,000 
33,000 

40,000 


Vi 


?8 

«o 


Percent. 


29  to 
IS 

28  to 

18 

20.0 
23.0 

4.0 


36  to 
22 

30  to 

22 

25.0 
25.0 

35. o 
50.0 


Hajdness. 


o. 

o 


25  to 

26 

p 

25  to 

27 
26 


4  to 
5 

4  to 

5 

5 

14 


Compressive  strength:  cast,  yield  point  13.0  kg/mm'  or  18,000  lb/in*;  ultimate  strength  47.0 
kg/mm*  or  67,000  Ib/in*. 

Modulus  of  elasticity:  cast,  6900  kg/mm*  or  9,810,000  lb/in*  at  17®  C. 


TABLE  66.  —  Altuninum  Sheet 

(a)  Grade  A  (Al  min,  99.0)  Experimental  Erichsen  and  Scleroscope  Hardness  Values. 
[Trom  tests  on  No.  18  B.  &  S.  Gage  sheet  rolled  from  6.3  mm  (0.25  in.)  slab.    Iron  Age  v.  xox,  page  950I. 


■ 

Heat  treatment 
annealed. 

Thickness, 
mm 

Indentation, 
mm 

m 

Sderoacope 
hardness. 

None  (as  rolled) .  .^ 

@  200^  C,  2  hours 

®  300*  C;  a  hours 

@  400^  C,  2  hours 

m  200*  C.  30  min 

1.08 
X.09 

6.83 

8.86 

10.  X7 

9.40 

7.97 
9.80 

45 

Ai 

45 

@  400*  C.  30  min 

(b)  Specification  Values.  —  (i)  Cast:  U.  S.  Navy  49  Al,  July  i,  1915;  Al  min.  94,  Cu  maz. 
6,  Fe  max.  0.5,  Si  max.  0.5,  Mn  max.  3. 

Minimum  tensile  strength  12.5  kg/nmi'  or  18,000  lb/in'  with  minimum  elongation  o£  8  per 
cent  in  50.8  nmi  (2  in.). 

(2)  Sheet,  Grade  A:  A.  S.  T.  M.  25  to  18T;  Al  min.  99.0;  minimum  strengths  and  elongations. 


Gage,  sheet  thicknesses. 


(B.&S.) 


X2  to 

x6  incl. 

17  to 

22  incl. 

23  to 
26  incl. 


mm 


2.052  to 
1.293 

X.X52  to 
0.643 

0.574  to 
0.404 


m. 


0.0808  to 
.0509 

.0453  to 
.0253 

.0226  to 
•0159 


Temper,  No. 
hardness. 


X  Soft.  Ann. 
2  Half -hard 
,3  Hard 

1  Soft,  Ann. 

2  Half-hard 

3  Hard 

1  Soft,  Ann. 

2  Half-hard 

3  Hard 


I 


Tensile  strength. 

kg/mm* 

lb/in* 

8.8 
12. 5 

12,500 
x8,ooo 

155 
8.8  • 

12.5 

22,000 
12,500 
18.000 

•1:1 

12. s 

25,000 
12,500 
t8.ooo 

21.0 

30,000 

Elong.  in  50.8 

mm  or  2  in. 

pa  cent. 


30 
7 
4 

20 

5 

2 
10 

5 

a 


Sheets  of  temper  No. 
X  to  withstand  being 
bent  double  in  any  di- 
rection and  hammered 
flat;  temper  No.  a  to 
bend  x8o'*  about  radius 
equal  to  thickness  with- 
out cracking. 


Note.  —  Tension  test  specimen  to  be  taken  parallel  to  the  direction  of  cold  rolling  of  the  sheet. 
Smithsonian  Tables. 


Table  M. 
ALUMINUM  ALLOY. 


8l 


Alloy,  apjprox. 

Condition, 

Density 
or  weight. 

• 

Ultimate 
strength. 

Ultimate 
strength. 

Reduct. 
of  area. 

Hardness. 

(g) 

composition 
percent. 

percent 
reduction. 

\ 

P*<    w-J 

H 

• 

gm/ 
cm» 

lb/ 
ft* 

Tension, 
kg/mm^ 

Tension, 
U)/in* 

percent 

M 

Alttiiilaiim  —  Copper . 

Cast,  chm 

1      .     L 

5-3 

10.5 

7.S00 

15,000 

24.0 

34-0 

II 

^^m 

Al  98  Cu  z  Imp.  max.  z 

Rotted,  70% . . 

— 



35.0 

31.0 

37,000    . 

30,000 

4.0 

— 

— 



Al  g6  Cu  3  Imp.  max.  1 

Cast,  chiU 

Rotted,  70% . . 

_ 

^■^ 

137 
28.8 

zz,500 
35,000 

19,500 
41,000 

Z2.0 

5-5 

3Z.O 

^^~ 

.__ 

Al  94  Cu  5  Imp.  max.  x 

Cast,  chitt 

Rotted,  70%.. 

*"^ 

, 

xo.o 
33.0 

15.0 
37.0 

14.S00 
33,000 

21,500 
38.000 

7.0 
6.0 

Z4.O 

^^^ 

^„^ 

AlgaCuS:  Alloy  No. 

Cast,  sand — 

3.88 

z8o 

7.7  to 

zo.5U> 

xz.oooto 

z  5,000  to 

40  to 
None 

3.5  to 

50  to 

x3to 

la 

« 

^^■M 

M^M 

zo.s 

x6.3 

Z5,ooo 

33,000 

None 

65 

x8 

Al  90-92     Cu     7-S.5 

Imp.  max.  1.7 

Casf 

3.9 

x8i 

— 

13.7 

— 

x8,ooo 

x.o 

— 

— 

— 

Copper,  Magnericin. . 
Al  9.52  Cu  4.3  Mg  0.6 

Cast  at  700"  C. 

•^ 

3.2  to 

*-5 

9.6  to 
13.3 

4.Sooto 
6,500 

13,600  to 
18,900 

3.0  to 

0 

0.5  to 

0 

74  to 

17  to 
z8 

Ann.  500*  C... 

— 

— 

4.6 

17.3 

6,500 

34,900 

3-0 

Z.O 

80 

3Z 

Durtlomin     or     178 

Aim 

3.8 

X74 

35.0 
53.0 

4.3.0 

35.100 
7Sr400 

59,500 

3Z.I 

29.5 

^^ 

__ 

AUoy  Al  94  Cu  4  Mg 

Rotted  70%.. . 
Rotted  heat 
tr'dt 

•  #  ~ 

56.0 

79,600 

4.0 

Z3.3 

— 

— 

O.S 

^^ 

M^ 

23.4 

39.0 

33^400 

55,300 

25-5 

a6.o 

^^ 

^^ 

^^•^»  ■••••*••■••••• 

Copper,  Maannese. . 
Al96Cu3Mn2  .... 

Cast,  chitt 

Rotted,  30  mm 

^^ 

, 

xo.o 
19.0 

14.0 

37.0 

X4»300 
37,100 

30,300 
38,200 

5.0 

x6.o 

38.0 

^~ 

^^ 

Al96Cu3Mni Cast,  chffl 

— 

— • 

ZI.3 

19.0 

X6,300 

37,000 

X4.0 

— 

— 

— 

Naval  Gun  Factoiy. . . 

Cast,  sand.... 
Forged 

2.8 

X75 

— 

X4.0 

— 

30,000 

X3.0 

— 

— 

— 

AI97  Cu  X.5  Mn  z — 

—' 

— 

X4.0 

Z9.0 

19.500 

37,800 

X3.0 

47.0 

— 

— 

Al  94  Cu  max.  6  Mn 

max.  3 

Minimum  {. . . 

— 

'— 

— 

13.7 

_ 

z8,ooo 

8.0 

— 

— 

-~ 

Copper,  Nickel,  Mg 

Cast  at  70O*  C. 

—. 

,  „ 

35  to 

z  7.0  to 

coooto 

35,500  to 

6.0  to 

8.5  to 

54  to 

0  to 

Al  03.S  Cu  3.5  Ni  Z.5 

Mg  1  Mn  o.« 

Copper,  mckel  Mn... 
Al  94.2  Cu  3  Ni  3  Mn 

^^^MA^^a    MW      #    ■P   ■•            ^^  • 

A  #  *T0  •*' 

J,*^^*.^  •*' 

•jl^  — —  w** 

*#  w^»- 

^•r  **' 

TF   •^- 

— 

— 

9.8 

33.3 

14,000 

33,000 

1.5 

x.o 

86 

25 

Cast  at  700*  C. 

^m^m 

^^ 

Z4.Sto 

30,600  to 

6.0  to 

z  x.o  to 

50  to 

9to 

0.8 

2Z.4 

30.500 

1.0 

2.0 

oz 

37 

lC«0BeMiim: 

•*    ^T 

%J^ftf^^ 

v~ 

"  f 

Magnalium  Al  95  Mg  5 

Cast,  sand — 

a-5 

156 

S-6 

^S'S 

8.000 

33.000 

7.0 

8.5 

— 

— 

Al  77-«8,  Mg33-2... 

Cast,  chfll 

3.4  to 

Z5oto 

39.5  to 

' — 

^3,000  to 

64,000 

— 

— 

— 

a.S7 

z6o 

4SO 

Cast,  chitt 

— 

— 

4.0 

zz.o 

5,800 

14,900 

3Z.O 

36.0 

■ 

— 

mckel  Al  97  Nia 

Drawn,  cold . . 

— 

— 

Z4.0 

z6.o      19,700 

23,700 

Z3.O 

370 

— 

— 

Rotted,  hot... 

•— * 

-  ^- 

8.0 

Z3.0     izz,9oo 

Z8,200 

38.0 

52.0 

— 

— 

Cast,  chfll. . . . 

— 

— 

6.0 

Z5.0 

9,000 

2Z,700 

9.0 

xx.o 

— 

— 

Al95Nis 

Drawn,  told.. 

— 

— 

x6.o 

30.0 

32,900 

27,900 

8.0 

34.0 

— 

Rolled,  hot... 

— 

— 

9.0 

z6.o 

13,500 

23,300 

33.0 

36.0 

— 

— 

racket  Copper: 

Al  93.S  Ni  S.S  Cu  1 . . 

Cast,  chfll. . . . 

,^^ 

^^ 

7.0 

Z7.0 

zo,70o 

24,800 

6.0 

8.0 

^^ 

^^^ 

Al9x.sNi4.sCu4. . 

Cast,  chfll. . . . 

•^ 

— 

7.0 

z8.o 

9,900 

25,200 

4.0 

so 

— 

— 

Al  93  Ni  5-5  Cu  a 

/  Drawn,  cold.. 
\RoUed,  hot... 

"*" 

^~ 

33.0 
z3/> 

37.0 

33.0 

31,700 

X8,200 

37,800 
31,500 

8.0 

x6.o 

X5.0 
34.0 

__„ 

^~ 

Zinc,  Copper: 

A188.6Cu3Za8.4.. 

Cast  at  700*  C. 

^^ 

^^ 

4-7 

18.5 

6,700 

26.300 

8.0 

7.5 

so 

xo 

Ann.  500*  C.  . 

— 

— 

9.8 

30.3 

6,200 

38,800 

8.0 

7.5 

50 

zo 

Al  81.Z  Cu  3  Zn  15.9. 

Cast  at  700*  C. 

3.x 

193 

24.7 

14,000 

35,100 

3.0 

3.0 

74 

15 

Ann.  500*  C... 

9.8 

29.0 

14,000 

41,200 

4.0 

4-0 

70 

15 

*  Specification  Values:  Alloy  "  No.  Z3  ":  A.  S.  T.  M.  B26-Z8T,  tentative  specified  mmimums  for  aluminum,  copper, 
t  Quenched  in  water  from  475*  C.  after  heating  in  a  salt  bath.     Modulus  of  elasticity  ^for  Duralumin  averages 
7000  kg/mm*  or  To/xx>,eoo  Ib/i^. 

t  Specification  values:  Aluminum  castings;  U.  S.  Navy  49  Al,  July  x,  Z9Z5  (Impurities:  Fe  max.  0.5,  Si  max.  0.5). 

Smithsonian  Tables. 
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Tables  IT-^t 

MECHANICAL  PROPERTIES. 

TABLB  67.  —  Copper. 


Metal  and 

appiox. 

composition. 

Percent 


Copper: 
gO'O:  electrolytic 
Cu  90.6 

RoUed 

Cu  90.6 

Cu  90.0* 

Cu90*9t 


Condition. 


Ann.  aoo'C 

Cast 

Hard,  40%  reduct 

Ann.  at  500*  C. . 

Drawn  cold,  50% 
reduct 

No  Ann.  (96%  re- 
duction)   

Ann.  750**  C  after 
drawing  cold. . . 

Drawn  hot  (64% 
reduction) 


Density 
or  Weight 


gm/ 
cm* 


8.89 
8.85 
8.89 
8.90 


lb/ 
ft* 


»4 


Tension, 
kg/ran^ 


I 


•Sa^ 


Tension,  Ib/m* 


55S 
55  a 

S5S 
556 


6.0 
7.0 
x^.o 
indet. 

26.0 


27.0 
x8.o 
3S.O 
25.0 


3S.O 

47.3 
2X.9 

33.0 


8,500 
xo,ooo 
20,000 
indet. 

37,000 


38,000 
25 .000 
50,000 
35.000 

50,000 

67,400 

31,200 

46,800 


ii 

(4M 


Percent 


50.0 

20.0 

so 

50.0 

9.0 

0.8 

34-S 
4-3 


50.0 

60.0 

8.0 

60.0 


64.S 
76.0 

70.5 


Hardnt 


Ms 

•S8 


94 
4a 


7 

8 

6 
x8 

__  I 


*  Wire  drawn  cold  from  ^.x8  mm  (0.125  in>)  to  0.64  mm  (0.025  in-)  Bull.  Am.  Inst.  Min.  Eng.,  Fd>.,  X9X9. 
t  Wire  drawn  at  150*  C  from  0.79  mm  (ao3x  in.)  to  0.64  mm  (0.025  in.)  (Jeffries,  Ice.  citX 
Compression,  cast  copper,  Ann.  15.9  mm  (0.625  in.)  diam.  by  50.8  mm  (2  in.)  long  flinders. 

Shortened   5  per  cent  at  22.0  kg/mm^  or  31,300  lb/in*  load, 
xo  "     "    "    29.0  kg/mirf  "  41,200  lb/in«    " 
20  "     "     "   30.okg/mm»"  S5,400  lb/in»    " 
Shearing  strength,  cast  copper  sx.o  kg/mm>  or  30,000  Ib/u^ 

Modulus  of  dastidty,  electrolytic  x2,2oo  kg/mm*  or  x7j4oo,ooo  lb/in* 
"        "         "        cast  7,700  kg/mn^  or  XI, 000,000  lb/in* 
**        "         "        drawn,  hard  12,400  kg/mm>  or  x 7, 600,000  lb/in* 

TABLB  68. — Rolled  Copper — Specificatioii  Value. 

Specification  values:  U.  S.  Navy  Dept,  47C2,  minimtmis  for  rolled  copper,  —  Cu  min.  oo*S 


■ 

Description,  temper  and  thickness. 

Tensile  strength. 

Elong.  in  50.8 
or  2  in.  —  per  cent 

kg/mm* 

lb/in» 

Rods,  bars,  and  shapes: 
Soft 

21.0 
35. 0 

31. 5 
28.0 

34- S 

2X.O  to  28.0 

24. 5 

30,000 
50,000 
4S.OOO 
40,000 
35,000 

30,000  to  40,000 
35,000 

as 

xo 

X2 

IS 
20 

25  toss 
18 

Hard:  to  o-  5  mm  (f  in.)  ind 

Hard:  9.5  mm  to  25.4  mm  (i  in.) 

Hard:  35 . 4  mm  to  50. 8  mm  (2  in.) 

Hard:  over  50. 8  mm  (2  in.) 

Sheets  and  plates: 
Soft 

Hard 

TABLE  69.  —  Copper  Wire  —  Speoificatioii  Valoet. 

Specific  Gravity  8.89  at  20*  C  (68*  F). 
Copper  wire :  Hard  Drawn  (and  Hard-rolled  flat  copper  of  thicknesses  corresponding  to  diameters  of  wire) 
Specibcation  values.    (A.  S.  T.  M.  B1-X5,  and  U.  S.  Navy  Dept,  22W3,  Mar.  x,  X9X5.) 


Diameter. 

Minimum  tensile  strength. 

Maximum  elongation, 
per  cent  in 

mm 

in. 

kg/mm* 

Ib/irii 

254  mm  (xo  in.). 

XI. 68 

.460 

34.5 

40,000 

a. 75 

X0.4X 

.4x0 

35-9 

SI  .000 

3.  as 

0.27 
8.25 

.36s 

37- X 

Sa,8oo 

2.8q 

.325 

38.3 

S4,Soo 
56,100 

2.40 

7.34 

.280 

39.4 

2.17 

5.82 

.258 

40. S 

S7,6oo 

1.98 

.220 

4X.5 

50,000 

X.79 

in  X524  mm  (60  in.) 

5.18 

.204 

42.2 

60,100 

X.24 

4.62 

.182 

430 

61,200 

x.x8 

4.X2 

.162 

43.7 

62,XOO 

X.14 

3.66 

.144 

44  3 

63,000 

1.09 

3.25 

.X28 

44.8 

63,700 

X.06 

2.90 

.X14 

45. a 

64,300 

1.02 

a. 50 

.X02 

45-7 

64,900 

1. 00 

2.3X 

.091 

46.0 

65.400 

0.97 

2.06 

.o8x 

46.2 

65,700 

0.9s 

X.83 

.072 

46.3 

65,900 

0.92 

1.63 

.064 

46.5 

66,200 

0.00 
0.89 

1. 45 

.057 

46.7 

66,400 

1.30 

.051 

46.8 

66,600 

0.87 

X.X4 

.045 

47.0 

66,800 

0.86 

X.02 

.040 

47.1 

67,000 

0.8s 

■    '■  ■-                   ,.,,.....,                                                       .  ^ 

P-limit  of  hard-drawn  copper  wire  must  average  55  per  cent  of  ultimate  tensile  strength  for  four  largest  steed  wires 
in  table,  and  60  per  cent  of  tensile  strength  for  smaller  sins. 
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TtMn 

»^4«» 

Tensile  strength. 

Elongation, 
minimum  per  cent 
in  354  mm  (xo  in.). 

lylaUiicua . 

Minimum. 

Maximum. 

mm 

• 

m 

kg/mm* 

lb/in> 

kg/mm« 

Ib/in« 

11.70 

6.55 

4.12 
2.59 

1.02 

0.460 

.258 

.162 
.102 
.040 

29.5 
330 

34.5 

35.5 
37.0 

42,000 
47,000 

49,000 

50,330 
53,000 

34-5 
38.0 

39-5 

40.5 
42.0 

49,000 
54,000 

56,000 

57,330 
60,000 

3-75 
2.50 

in  1524  mm  (60  in.) 

115 
1.04 

0.88 

Representative  values  only  from  table  in  specifications  are  shown  above. 
P-limit  of  medium  hard-drawn  copper  averages  50  pa  cent  of  ultimate  strength. 

TABLB  61.  —  Copper  Wire — Soft  or  Aanealed. 

(A.  S.  T.  M.  B3-1S)  Minimum  Values. 


■ 

.   Diameter. 

Minimum  tensile 
strengUi. 

Elongation 

m  35^  mm 

(10  m.), 

percent 

mm 

in. 

kg/mm* 

lb/in« 

11.70  to  7.37 
7.34  to  2.62 
2.59  too, 53 
0.51  to  0.08 

0.460  to  0.290 
0.289  to  0.103 
0.102  to  0.021 
0.020  to  0.003 

25.5 
26.0 

27.0 

28.0 

36,000 
37,000 
38,500 
40,000 

35 
30 

25 
20 

NoTK.  —  Experimental  results  show  tensile  strength  of  concentric-lay  copper  cable  to  approximate  90  per  cent  of 
combhied  strengths  of  wires  forming  the  cable. 

TABLE  6t.  —  Copper  Plateg. 

(A.  S.  T.  M.  Bxx-i8)  for  Locomotive  Fire  Boxes.   Specification  Values. 


Minimum  requirements. 

Tensile  strength. 

Ebng.  in 
303.3  mm 
(8  in.), 
percent. 

kg/mm« 

lb/in« 

Copper,  Arsenical,  As  0.25-0.50 

Impurities,  max.  0.12 

Copper,  Non-arsenical: 

Impurities,  max.  0.12 

22.0 
21.0 

31,000 
30,000 

35 
30 

NOTX.  —  Copper  to  be  fire-refined  or  electrolytic,  hot-rolled  from  suitable  cakes. 

TABLE  63.  —  Copper  Alloys. 


The  general  sjrstem  of  nomenclature  employed  has  been  to  denominate  all  simple  copper- 
zinc  alloys  as  brasses,  copper-tin  alloys  as  bronzes,  and  three  or  more  metals  alloys  composed 
primarily  of  either  of  these  two  combinations  as  alloy  brasses  or  bronzes,  e.g.,  "Zinc  bronze" 
for  U.  S.  Government  composition  "  G  "  Cu  88  per  cent,  Sn  lo  per  cent,  Zn  2  per  cent.  Alloys 
of  the  third  type  noted  above,  together  with  other  alloys  comjxised  mainly  of  copper,  have 
been  called  copper  alloys,  with  the  alloying  elements  other  than  minor  impunties  listed 
as  modifying  copper  in  the  order  of  their  relative  percentages. 

In  some  instances,  the  scientific  name  used  to  denote  an  alloy  is  based  upon  the  deoxidizer 
used  in  its  preparation,  which  may  appear  either  as  a  minor  ^ement  of  its  composition  or 
not  at  all,  e.g.,  phosphor  bronze. 

Commercial  names  are  shown  below  the  scientific  names.  Care  should  be  taken  to  specify 
the  chemical  comi)osition  of  a  commercial  alloy,  as  the  same  name  frequently  applies  to 
widely  varying  compositions. 
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Table  64. 

MECHANICAL  PROPERTIES  OF  MATERIALS- 

TABLE  64.  —  Co]»per-zinc  AUojrs  or  Brassei;  Tin  AUojrs  or  Bronzes. 


Metal  and 

approx. 

composition, 

percent. 


Bxus: 
Cu  90  Zn  zof. . 

Ctt8o,Zn2ot- 

C1170,  Znao... 

Ctt06Zn34Std. 

sheet 

On  60,  Zn  40... 

Muntz  metal.. . 

Bronze: 

Cu  97.7,  Sn  2.3 . 

Cu  90,  Sn  10. . . 

Cu  80,  Sn  20. . . 
Cu  70,  Sn  30. . . 


Condition. 


[Sand 
Cold 
Cold 
[Sand 
{Cold 
I  Cold- 
Sand 
/Cold 
\Cold 


cast 

rolled,  hard 
rolled,  soft 

cast 

rolled,  hard 
rolled,  soft 

cast 

rolled,  hard 
tolled,  soft 


Sand  cast 

Cold  rolled,  hard 


Cast.., 
Rolled. 


f  Cast      or 
bronze  or 
metal 

Cast 

Cast 


K 


n 
ell 


Densit: 
or  weig: 


5" 
fat. 


£m 
cm' 


8.7 


8.6 

8.4 

8.5 
8.4 


1 8.4 


8.78 

8.8x 
8.84 


lb 
ft« 


S43 


537 
524 
S30 

524 


522 


548 

S50 

552 


If 


Tension, 
kg/mm* 


15.5 
31.S 


6.0 
7.6 


7.2 

71 
1.4 


20.0 
390 
26.0 

2S-0 
53.0 
29.0 
28.0 
42.0 

34-0 

32.2 
49.0 


34-0 


23-0 

22.5 
5.0 


55 


Tension, 
Ib/in< 


21, 800 

45, 000 


8,500 
xo,8oo 


10,300 

10,100 
2,000 


29,000 
55, 000  ♦ 
37.000  • 
3S.OOO 
75. 000  ♦ 
42,000* 
40,000 
00,000 
48,000* 

45,800 
70,000 


28,000 
48,000 


33,000 

32,000 
7.000 


"00  _ 


Qtf.S 


Per  cent. 


22 

5* 
40* 
31 

5* 
SO* 
35 

5* 
SO* 

15 
30 


20 
55 


xo 

x-5 
O.S 


70 
32 

8S 


85 

22 
SO 


75 


Hardness. 


-if 

l8 


60 

47 

7S 

46 

37 

7Sl 

45 


20 
10 

38 

IS 

36 

13 


S3 


Comprcasive  Strengths,  Brasses: 

Cn  00.  Zn  zo,  cast  21.0  kg/varaf  or  30,000  lb/in* 
Cu  80,  Zn  ao,  cast  27.4  kg/mm*  or  39,000  lb/in* 
Cu  70,  Zn  30,  cast  42.0  kg/mm*  or  60,000  Ib/ii^ 
Cn  60,  Zn  40,  cast  52.5  kg/mn^  or  7S,ooo  lb/in* 
Cu  50,  Zn  50,  cast  77-o  kg/imd*  or  xxo,ooo  lb/in*  ^ 

Modulus  of  elasticity,  —  cast  brass,  —  average  9x00  kg/mm>  or  13,000.000  lb/in* 

Erichsen  values:  Soft  slab,  x.3  nun  (0.05  in.)  thick,  no  rolling,  depth  ot  impression  13.8  mm  (0.5^  in.). 

Hard  sheet,  x.3  mm,  rolled  38%  reduction,  depth  of  impression  7.3  mm  (0.29  m.). 

Hard  sheet,  0.5  mm,  rolled  6o9b  reduction,  depth  of  impression  3.7  mm  (0.15  in.). 

Compressive  Ultimate  Strengths,  Cast  Bronzes: 

Cu  97.7,  Sn  2.3  to  24.0  kg/mm>  or  34,000  Ib/ii^ 
Cu  90,  Sn  10  to  39-0  kg/mm*  or  56,000  lb/in* 
Cu  80,  Sn  20  to  83.0  kg/mm*  or  xx8,ooo  ih/'uf 
Cu  70,  Sn  30  to  X05.0  kg/nun*  or  150,000  lb/in* 

Specificatbn  value,  A.  S.  T.  M.,  B  22-18  T,  for  specimen  »  cylinder  645  sq.  mm  (x  sq.  in.)  area,  35.4  mm  (i  in 
long. 

Cu  80,  Sn  20:  minimum  compressive  elastic  limit  —  17.0  kg/mm*  or  24,000  lb/in* 

Modulus  of  elasticity  for  bronzes  varies  from  7000  kg/mm'  or  xo,ooo,ooo  Ib/in^  to  xo,ooo  kg/nun*  or  15,500,000 
lb/in« 

*  Values  marked  thus  are  S.  A.  E.  Spec,  values.    (See  S.  A.  E.  Handbook,  Vol.  I,  p.  X3a,  rev.  December,  X913. 
t  Red  metal.  X  Low  brass  or  bdl  metal. 

S  A.  S.  T.  M.  Spec  Bx9-x8T  requires  B.h.n.  of  sx-65  kg/mm*  @  5000  kg  pressure  for  70:  30  annealed  sheet 
brass. 


Foot  notes  to  Table  65,  Page  85. 

*  Tensilite,  Cu  67,  Zn  24,  Al  4.4,  Mn  3.8.  P  o.ox  compressive  P-limit:  42.2  kg/mm*  or  60,000  Ib/'va?  and  x.33  per 
cent  set  for  70.3  kg/mm*  or  xoo,ooo  lb/in*  load. 

t  Compressive  P-limit  20.0  to  28.2  kg/mm*  or  28,500  to  40.000  lb/in* 

t  Compressive  ultimate  strength  54.5  kg/mm>  or  77,^00  lb/in> 

f  Compressive  P-limit  4.2  kg/mm*  or  6000  lb/in*  and  40  per  cent  set  for  70.3  kg/mm*  or  zoo,ooo  Hb/itif 

%  Modulus  of  elasticity  9840  kg/mm*  or  X4,ooo,ooo  lb/in* 

If  Values  are  for  yield  point.  **  Mxnimimi  values  for  ingots. 

tt  Rolled  manganese  bronze  (U.  S.  N.)  Cu  57  to  60,  Zn  40  to  37,  Fe  max.  2.o7Sn  0.5  to  1.5;  3-9  per  cent  increase 
for  thickness  25.4  mm  (x  in.)  and  under. 

tt  Ni  9  per  cent,  B.h.n.  >  X30  as  rolled;  B.h.n.  >  50  as  annealed  at  930*  C. 

17.  S.  Navy  Dept  Spec  46S  3a,  June  x,  19x7:  German  silver  Cu  60  to  67,  Zn  x8  to  33,  Ni  min.  15,  no  medianical 
requirements. 

For  list  of  30  German  sflver  allpys,  see  Braunt,  "  Mctallk  Alloys,"  p.  314,  —  "best"  (Hfoms),  "  hard  Sheffield," 
Cu  46,  Zn  2q,  Ni  34. 

§§  Platinoid  Cu  60.  Zn  3a,  Ni  X4.  W  x  to  2;  high  dectric  resistance  alloy  with  mechanical  properties  as  nickel  brass. 

nil  Specificatk>n  Values,  Naval  Brass  Castings,  U.  S.  Navy,  a6B  xob,  Dec  x,  19x7  for  normal  pn>porti<»s  Cu  62,  Za 
37,  Sn  X,  min.  tensfle  strength  X7.5  kg/mm*  or  2Sfioo  Ib/'vaf  witn  15  per  cent  elongation  in  50.8  mm  (2  in.j. 


Smithsonian  Tables. 


Table  6S. 

MECHANICAL  PROPERTIES. 
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Allpy  and  approz. 

composition 

percent 


Brass,  Aluminum . . 

Cu57,Zn43,Ali.. 

Cu  ss,  Zn  41,  Al  4... 

Cu  62.9,  Zn  33.3,  Al 

Cu  70.5,  Zn  26.4,  Al 
Alum.,  Manganese.. 

CU64.  Zn  20,  AI3.1, 

Mn  2.5,  Fe  1 . 2. .  . 

Alum.,  Vanadium..  . 

Cu  58.5,  Zn  38.S,  Al 

1.S.V0.03 

Iron: 

Cu  56,  Zn  4X.5,  Fe  i. 

Aich's  Metal 
Cu6o,Zn38.2,Fei.8 
Delta  Metal 

Cus7,Zn42,  Fer.. 

Cu65,Zn3o,  Fes.. 
Iron,  Tin: 
Cu56.5,Zn40,Fei.5, 

Sn  i.ot 

Steno  metal: 

Cu  55.  Zn  43.4  Fe 
1.8,  Sno.8 


Condition. 


Cast 


3.8] 

3.1J 
Cast,  tensilite* 


Cold  diawn. 
Cast 

Cast 


B 

I 
p4 


gm 

per 
cm' 


lb. 

per 
it« 


Lead  or  Ydlow  brass 

Cu  60  to  63.5,  Zn  35 
,  t0  33.S,Pbs  to3. 
Lead,  Tin  or 

Red  brass 

Cu83,Zn7,Pb6,Sn4 
Cu78,Zn9.5,  Pbxo, 

Sn  2 

Ydlow  brass: 

Cu  70,  Zn  27,  Pb  2, 

Sn  I 

Manganese  or  Man 
ganese  bronze 
Cu  58,  Zn  39>  Mn 

0.05 
(Sn,  Fe,  Al,  Pb.) 

Cu  6e.  Zn  39  Mn, 

tr 
Specification  values: 
U.  S.  Navy,  46  B 

16a** 

U.  S.  N.,  46  B  15a 
Manganese     Vana- 
dium: 

Cu  58.6,  Zn  38.S,  Al 
i.sMno.s,Vo.o3. 
Nickel:    Nickel    sil- 
ver, Cu  60.4,  Zn 

31.8,  Ni  7.7 

German  silver, 
Cu  61.6,  Zn  X7.2, 

Ni  21.1 

Cu  60.6,  Zn  1Z.8, 

Ni  27.3 

Fine  wire: 
Cu58.Zn24.Ni18 

Nickd  saver  n 
Nickel  Tungsten:  SS 
Tin: 

Cu6i,Zn38,Sni.., 
Naval  brass,as  above 

Tobin  bronze:  as  be- 
low  

Cu  s8.2,^  Zn  3Q.S, 
Sn  2.3 

Cus5,  Zn43,  Sn  2. 


/  Cast,  sand.. 

\  Rolled,  hard 

Rolled  hard. 

VrASl >  • 


Cast 

Forged 

Hard  drawn 
Cast 


Sheet  ann 

Sheet  hard. . 


Cast 
t 


Cast.. 
CastS- 


Cast,  sand  f . 
Cast,  chill. . . 
RoUed 


RoUedtt . . . 
Cold  drawn. 

Cast 


Drawn  hard 


Cast,  sand 

Ann.  after  roll- 
ing   

Cast 


Rolled 

Castlll 


Tension, 
kg/mm> 


•I? 
55 


8.42 


8.4 
si" 

8.6 
8.87 
8.4 
8.3 

8.3 


13-4 


21. 1 


3S.6 


526 


52s 


531 


23.2  to 
26.0 


8.S 

8.7 
8.8 

8.S 


8.3 

8.4 


535 

554 
524 
520 

520 


S30 

544 
547 
530 


518 
524 


ii.o 


8.4 


7-4 


21. 1  to 
24.6 
22.5  to 

26.0II 
31.5 


24.6 
35.6 

10.8 

13.2 
16.7 


40.0 
60.0 
56.2 
33.0 


68.8 


570 

50.7  to 
59-2 

40.3 

31-7 
42.2 

45.5 

49-2  to 
52.8 

42.S 
53.6 

58.5 
23.2  to 

27.5 

25.5 
42.9 

21.0 


Tension, 
lb/in« 


.8  6^ 

Boo'" 
O     •  « 


US} 

P<  o 


I9rOOO 
30,000 
50,600 


33>oooto 
37.000 


II.O 

26.0 
17.6 


38.0 


18.6 


20.7 


49-2  to 

52.7 

52.7  to 

563 

52.5 


49.2 
49.2 


570 

253 

28.8 

37.6 

105.5 

30.0 

43.5 
42,2 


56.0 
48.4 


X  6,000 


z  2,000 


10.500 


30,000  to 
3S,ooo|| 
32,000  to 

37.000II 
45.000 


35,000 
50.600. 

15.400 

18,800 
23,700 


S7,ooo 
85r400 
80,000 
47,000 


98,000 


81^400 

72,000  to 
84,000 

57,300 

45.000 
60,000 
65,000 

70,000  to 
75,000 

60.500 

76,200 

83,100 

33,000  to 

39.000 

42,000 

61,000 


Per  cent. 


So.o 
16.5 

50.0 

x6.o 

12.0 
35-oto 

22.0 


xo.o 
17.0 


35-oto 
20.0 


Hardness. 


U3  * 


17.0 


14.0 

35-oto 
25.0 


130 


XOQtO 
119 


350  to 

22.0 


15,700 

37,000 
25,000 


54,000 


30,000 

26,500 
29.500 


70.000  to 
75,000 

7S,oooto 

80,000 

75,000 


70,000 
70,000 


30.0  to 
26.0 
50.0 
30.0 

X7.0 


xo4to 
1x9 


22.0 


2S-0 


30.0  to 
22.0 
32.0  to 
25.0 
25.0 


20.0 
30.0 


35.0  to 
30.0 


19.0 

24.9 

28.5 


81,400 

36,000 

40,900 

53,500 

150,000 

42,600 

62,000 
60,000 


79,000 
68,900 


X3.0 

40.S 

28.5 
32.0 


32.0  to 

25.0 

34-oto 

28.0 

28.0 


7.0 


53-0 

109  to 
1x9 
119  to 
130 


- 


xSto 

19 
x8to 

32 
30 


29.6 
25.0 


35.0 
48.0 


14.0 

43.0 

25.1 
31.4 


33.0 
370 


40.0 
70.0 


46 

80 
67 


For  Footnotes  see  page  84. 
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Table  65  (cotUiimed). 

MECHANICAL  PROPERTIES. 

TABLE  66.  —  Copper  Alloys  —  Three  (or  more)  Components. 


AJ1(^  and  approx. 

compoBitxm 

percent.. 


BniBS,  Tin  —  (continued): 
Rods:*o  to  12.7  mm  ()  in.) 
12.7  to  35.4  nun  (i  in.) 

over  35.4  mm  (in.)  diam.. 

Shapes,  all 

Plates  to  xa.7  mm  (i  in.) 

over  X3.7  nmi  (\  in.)  thick 

Tubing  (wall  thickness)  o  to 

3.a  mm  (i  in.) 

3.2  to  6.4  mm  (i  in.) 

over  6.4  mm  (i  in.) 

Vanadium: 
Victor  bronze, 
V  0.03,  Cu  58.6,  Zn  38.5, 

Al  1.5,  Fe  1.0  

U.  S.  Navyt49B  lb... 

Bmnzo,  Alnmlnnm 

Lead: 

Cu  80,  Sn  zo,  Pb  X 

Cu  88,  Sn  xo,  Pb  3 


Cu  80,  Sn  10,  Pb  10 , 


Lead,  Phosphor: 

Cu  80,  Sn  xo,  Pb  xo,  P  trace 
Lead  Zinc,  Red  brass: 
Cu8x,Sn7,Pb9,Zn3 


Cu88,Sn8,Pb3,Zn3. 


Lead,  Zinc  Phoepbor: 
Cu  73.2,  Sn  XX.3,  Pb  X2.0, 

Zna.s.Px 

Manganese: 

Cu88, Sn  xo,  Mn  2 

Nickel,  Zinc: 

Cu 88.  Sn  5.  Ni  5. Zn  2  (x). .  .• 
Cu  89,  Sn  4,  Ni  4,  Zn  3  (2) . . . 
PhoB^or: 

Cu  95,  Sn  4.9,  P  o.x 

Cu  89,  Sn  to.s,  P  o.s 

Cu  80,  Sn  20,  P  max.  x 

Rods  and  bars  U  up  to  12.7 

mm  (i  in.) 

(minimum)  over  X2.7  mm 
to  25.4  mm  (x  in.)..... 

over  25.A  mm  (x  in.) 

Sheets  ana  plates  H  spring 

temper 

Medium  temper 


Condition. 


Cold  drawn 
SeeCu.  Al 


Castt. 
Cast}. 


/  Cast,  sand , 
\  Cast,  chill. 


Cast.  . 

Castll. 
Castf. 


Cast. 

Cast' 
Cast. 


Casttt 
Casttt 


RoUed. 
Cast. . . 
Cast«. 


gm 
per 
cm' 


8.8 

ox 
8.9 


lb. 

15' 


549 

570 

555 


8.6 


535 


1 

IS 


Is 


Tension, 
kg/mm> 


19.0 
18.3 

X7.6 
15.7 
19.3 
17.6 

21.Z 

19.7 
X8.3 


56.5 
15.8 


I3>4t0 
x6.2 
X0.9 
12.8 

xx.o 
13-8 
13-4  to 
X4.X 


lo.s 

9.0 

9.2 
8.x 

28.0 
XI. 2  to 
14.1 

4a-2|||| 
28.1I 

2X.X| 
I7.6IIII 


42.2 
40.8 

38.0 

39-4 
38.7 
39.4 

43.2 
38.7 
35.1 


64.5 
38.7 


'55 

2X.X  to 
34.6 
22.X 
24.7 

2X.O 
18.8 
2X.X  to 
24.6 
31.8  to 
26.0 


ax.4 

X9.X 

28.6 
27.9 

46.0. 

3X.8t0 

34.6 
56.3 

43.3 

38.7 

63.2 

351 


I 

I 


H 

bo 

8 
52 


I 


Tension, 
lb/in* 


37,000 
26,000 

2SiOOO 

22,400 
37.500 
35.000 

30,000 
38.00Q 
36,000 


80,000 
22,500 


19,000  to 
23,000 
500 

200 


x8,: 


16,000 
19.600 
X9,oooto 
20,000 


15.000 

X3,800 

x3,ioo 
XI, 500 

40,000 
16,000  to 
20,000 

6o,coo 


40,000 
30,000 


25,ooo| 


60,000 
58.00(9 

54,000 
56.000 
55.000 
56,000 

60,000 
55. 000 
50,000 


92,000 
55,000 


22,000 
30,000  to 
35,000 
31.400 
3S,aoo 

30,000 

26,800 

36,000  to 

3S,ooo 

3X,oooto 

37.000 


30,400 

27,200 

40,700 
39,700 

65,000 
31,000  to 
35,000 

80,000 

60,000 
55.000 


90,000 
50,000 


08 


Percent. 


Haiti- 


§8 


350 

40.0 

40.0 
30.0 
32.0 
350 

28.0 
32.0 

35.0 


"5 
35.0 


30.0tO 
15.0 

135 
4-5 

6.0 

IXO 

x8.oto 
X5.0 
20.0  to 
16.0 


4.0 

35.0 

32-0 
3X.O 

30.0 
6.0  to 
xo.o 

X2.0 

20.0 

25.0 

25.0 


To  bend  120* 
cold  about 
radius  equal 
to  diameter. 


M 


39.0 


26.0  to 
x8.o 

X2.0 

35 

3.5 
XI.5 
24.0  to 
22.0 


3.3 


38.0 
3X.O 


65  to 

70 
63 
8S 

65_ 

50  to 

55 
57  to 

59 


73  to 

77 


X2 
&0I 


xz 


37 


Required     to 
bend    cold 
through  1 30" 
about  radi- 
us equal  to 
thickness. 


Bronze,  Phosj^r:  spring  wirj,  hard-drawn  or  hard-rollod  (U.  S.  Navy  Spec.  22  W5,  Dec.  x ,  19x5).    CU94. 
Sn  min.  4.5,  Zn  max  0.3,  Fe  max.  o.i.  Pb  max.  0.2.  P  0.05  to  0.50;  max.  elong.  in  203  mm  (8  in.)  «  4  per  cent. 


Diameter  (group  limits). 


Up  to  X.59  nun  or  0.0625  in 

Ova  x.59  mm  to  3*17  mm  (0.125  in.). 


Min.  tensile 
strength. 


kg/mm* 


95.0 
88.0 


lb/in« 


135,000 
X  25 .000 


Diameter 
(group  limits). 


mm 


to  6.35 
to9.53 


m. 


to  o.  250 
to  0.37s 


Min.  tensile 
strength. 


kg/mm* 


77.5 
74.0 


lb/in> 


110.0C0 
xo5/x» 


*  Specification  Values,  Rolled  Brass,  Cu  62.Zn  37,  Sn  x.  min.  properties  after  U.  S.  Na^  Spec.,  19x8. 

' '  Specification  Values:  Jan.  3. 1916.  Vanadium  Bronze  Castings,  Cn  6x,  Zn  38,  Sn  max.  z  (inci.  V).    Mimima. 

;  Compressive  P-limit  15.5  kg/mm*  or  23,000  lb/in' 

\  Compressive  P-limit  X0.5  kg/mm>  or  15,000  lb/in>  and  28  per  cent  set  for  70  kg/mm*  or  zoo,ooo  Ib/ii^ 

I  Ultimate  compressive  strength,  54.2  kg/mm^  or  77.100  Ib/m'  (Cu  76,  Sn  7,  Pb  13,  Zn  4). 

^  Compressive  P-limit  8.8  to  9.1  kg/mm>  or  12,500  to  13,000  lb/ in',  and  34  to  35  per  cont  set  for  70  kg/mn^ 

**  Compression:   ultimate  strength  49.5  kg/mm'  or  70,500  lb/in' 

tt  Modulus  of  Elasticity:    (i)  12,200  kg/mm*  or  17,300,000  lb/in>:    (2)  10,500  kg/mm*  or  14,900,000  Ib/in^ 

it  Compressive  P-limit  17.6  to  28.x  kg/mm*  or  25,000  to  40,000  lb/in'  and  6  to  10  per  cent  set  for  70  kg/mxn* 
or  xoo,ooo  lb/in'  load. 

Specification  Values:  U.  S.  Navy  46  B  5c,  Mar.  x,  19x7,  Cu  85  to  90,  Sn  6  to  xx,  Zn  max.  4:  Cast,  Orade  x.  —  Im- 
purities max.  0.8;  min.  tensile  strength  31  f  kg/mm*  or  45.000  lb/in«  with  20  per  cent  along,  in  50.8  mm  (2  in.). 

%  Grade  2.  —  Impurities  max.  x.6;  min.  tensile  strength  21. x  kg/mm>  or  30,000  lb/in*  with  15  per  cent  dong.  in 
50.8  mm  (2  in.). 

§§  Specification  Values:   U.  S.  Navy  46B  x^b,  Mar.  x,  19x6,  Cu  min.  94,  Sn  min.  3.5,  P  0.50,  rolled  or  drawn. 

fill  Minimum  yield  points  specified:  for  P-limits  assume  66  per  cent  of  values  shown. 
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AUpy  and  approx. 
oomposttioii. 
percent. 


Bronze: 

Silicon 

Co  70,  Zn  29.5.  Si  0.5 . 

Ztac*C:omp.*^G".... 

Admiralty  gun  metal . 

Comm  cl  range. . . . 

Spec,  values 

Cu88,Sn8,Zn4 

Cu85, Sni3,Zn  2.... 

Zinc,  Leftd 

Cuoo,Sn  6.^,Zn2.  Pb  X.5 
Row  and  Mrs  |[  up  to 

12.7  mm  (i  in.)  — 
over  X2.7  ,mm  to  25.4 

mm  (z  in.) 

over  25.4  mm  (x  in.) . 
Shapes,]]  all  thicknesses 
Sheets  and  plates,!  |o  to 
X2.7  mm  U  ii^-)  — 
over  X2.7  inm  (i  in.). 
AlamlnmnTln: 
Cu  88.5,  Al  10.4,  Sn  X.2 
Almubiiim  Tltattivm: 


Condition. 


Cast 

Drawn,  hard. . 

Cast 

Castt 

Castfmins.)... 

Cast  I 

Cast 

Ca8t§ 


Cu  90,  Alio 

.Cu89,Alio,Fei 


Cast,  chin 

Cast** 

Quench, 
^     8oo*C.... 

dastn 


Le«l: 

Cu  71.9,  Pb  37.5,  Sn  0.5 

Nickel,  Aliuninnm: 
Cu  82.X,  Ni  Z4.6,  Al  2.5, 

Zn  07  U 

Cu85.Sns.Zn5.Pb5 

Cu  83.Sn  X4,  Zn  2,  Pb  z 

Zinc,  Phosplior 
("NonGran") 
Cu86,  Snxx,Zn3>Ptr. 
Vanadium,   See  Brass, 

Vanadium. 
Copper,  Alnmlnnm  or 
A^mjnum  Bronze: 
Cu90,Alxo 


Cu  92.5,  Al  7.3. 


Ahunimun,  Iron  or  Sill- 
man  bronze 

Cu  86.4,  Al  9.7,  Fe  3.9. . 


Cu  88.5,  Al  zas,  Fe  x.o. 


Cast. 


Forged. 
CastSS. 


Cast. 


Cast. 


Cast,  sand  II II . 

Relied,       and 

ann. 
Wrought.... 

Cast 

Cast,  sand. 
'  Quenched 
850*  C. 
drawn 
700*  C... 


f? 


gm 
per 
cm* 


8.6 


8.5 


7.58 


lb. 
in* 


535 


530 


473 


7.5-  468- 
7.4s  46s 


I 


^4 

''To 

M    C0 


Tension, 
kg/nm^ 


8.6 
5.6  to 
8^ 

7.7 


8.4  to 

IX. 2 

28.1 

24.0 
26.4 

a7-4 
26.4 

26.0 

13.9 

29.0 
14.1  to 
17.6 


46.0 
74.0 


44-5 
X0.5  to 

X3-4 
xo.sto 

13.4 


13.0 


13.9  to 

23.3 
7.0 


9.8 

8.x 

X4.0 


28.0 


27.4 

22.5  to 
26.7 

12,200 

8,000  to 
12,000 

21. 1 

^— 

26.7 

11.000 

23.9  to 

28.1 

X  2,000  to 
16,000 

56.2 

40,000 

52.7 
50.7 
52.7 

54-8 
52.7 

48.0 

52io 

740 
45-7  to 
56.3 

4.2  to 
4.6 


90.0 
19.0  to 
23.2 
16.2  to 
19.0 


25.0 


5i.ito 

60.0 

37.5 

59-3 
55-5 
540 


65.0 


»4 


Tension, 
lb/in> 


37,500 
3S,ooo 

37.500 

39,oooir 
37.500 

36.700 

19,800 

40,500 
20,000  to 
25,000 


63.300 
15,000  to 
X9.000 
15,000  to 
19.000 


19,000 


19,800  to 
33.200 
9.600 

14,000 
11,500 
20,000 


40,000 


65,000 
105.000 
38,900 
32,000  to 
38,000 
30.000 
39.200 
38,000 

34,000  to 

40,000 

80,000 

75,000 

72,000 

75.000 

78,000 

75,000 

68,000 

74,000 

105,200 
65,000  to 
80,000 

6«oooto 
6,600 


128,000 
27,000  to 
33.000 
23,000  to 
27,000 


35.000 


72,700  to 

85.SOO 
53,500 

84,400 
78,850 
77,000 


92,000 


.9S_ 


V) 


Percent 


25.0 

25.0  to 

xo.o 

14.0 

30.S 

2.5 

33.0  to 

25.0 

30.0 

30.0 
30.0 
30.0 

30.0 
30.0 


4.5 

X9-5 

1.0 
30.0  to 
20.0 

3.0  to 
3'i 


lO.O 

20.0  to 
16.0 

4.0  to 

0.5 


34.0  to  50  to 

26.0       60 

Required  to  bend 
cold  through 
120*  about  ra- 
dius equal  to 
thickness. 


9.0 


28.8  to 

21. 7 

91.0 

11.5 

14.5 
245 


14.0 


2Z.O 

25.0  to 

12.0 

24.0 
2.5 


Hardness. 


n 


IC 


1^ 


64 

65  to 

75 

si" 


13 
10  to 
20 

II 

25 


5-5 

237 

0.8 
30.0  to 
20.0 

4-2  to 
6.7 


12.0 

20.0  to 
xS-o 
4.0  to 

0.5 


30.0  to 
22.4 

72.9 


25.0 


18.5 


(« 
tl 

X89 

100 

262 
93  to 
100 


32 
25 


25  to 

26 


50  to 

62 


102  to 

X06 
81 


xoo 


140 


20 

24 


25  to 

26 
19 


*  Gov't  Bronze:  Cu  88,  Sn  xo,  Zn  2  (values  shown  are  averages  for  30  specimens  from  five  foundries  tested  at  the 
Bureau  of  Standards). 

t  Compressive  P-limit  X0.5  kg/nm^  or  15,000  Ib/in^  with  29  oer  cent  set  for  70  kg/mm*  or  xoo.000  Ib/b*  load. 

I  Values  from  same  scries  of  tests  as  first  values  for  "  88-10-3,  averages  for  36  specimens  from  five  foundries  tested 
at  Bureau  of  Standards. 

^  Compressive  P4imit  9.1  lu/mn^  or  13,000  lb/in*  with  34  per  cent  set  for  70  kg^/mm*  or  xoo,ooo  lb/in*  load. 
Specification  minimums:  U.  S.  Navy  46B17,  Dec.  2, 19x8,  for  hot-rolled  alummum  bronze,  Cu  85  to  87,  Al  7 
to  9,  re  2.5  to  ^5.    Specification  values  under  P-limit  are  for  yidd  point. 

f  Two  and  su  tenths  per  cent  inicrease  in  strength  up  to  762  mm  (30  in.)  width. 

**  Compressive  P-limit:  cast,  14.1  kg/mn^  or  2o/xx>  tb/'vaf  with  XI.4  per  cent  set  at  70  kg/mm*  or  100,000  lb/in* 
load. 

tt  Compressive  P-limit:  cast,  12.7  to  14.1  kg/mm^  or  x8,ooo  to  30^000  Ib/iiAwith  13  to  15  per  cent  set  at  700  kg/mm^ 
or  ioo/xx>  Ib/ii^  load. 

|}  Modulus  of  elasticity  14,800  kg/mm*  or  21,150.000  lb/in* 

M  Comprenive  P-limit  8.4  kg/mm*  or  12,000  lb/in>  with  36  per  cent  set  for  70.3  kg/mm>,  or  100,000  \b/ixfl  load. 

fl  II  Hign  values  are  after  Jean  Escard  "L' Aluminum  daiu  L'Industrie,"  Paris,  1918.  Compressive  P-limit  13.5 
kg/maf  or  19,200  Ib/itf  with  13.5  per  cent  set  for  70.3  kg/mn^  or  100,000  Ib/in^  mad. 
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TABLE  66. 

MECHANICAL  PROPERTIES. 

TABLE  66.  —  Miscellmneous  Metals  and  Alloys. 


Metal  or  alloy. 

Approx.  compositioD, 

percent. 


•  Cobalt,  Co  99.7 } 

Gold,  Au  100 

Copper,  Au  90,  Cu  10 

Copper,  Silver,  Au  58,  Cu 

30  Ag  12 

Lead.  Pbt 

(Comm'cl.) 

Antimony  tPb95.5,Sb4.5 
Magnesium,  Mg 

Nickel,  Ni  98.S 

Ni  99-95 

Ni98.s 

Ni 

Ni 

Ni 


Copper,  iron,  manganese 
or  Monel  metal: 

Ni  67,  Cu  38,  Fe  3,  Mn  2 . 

Ni  66,  Cu  28,  F*e  35,  Mn 

2-5 

Ni7i,Cu27,  Fea5 

46  Mia  II 

46  M7b|| 

II 

PaUadiuni,Pd 

Platinum,  Pt 

Silver,  Ag  100 

Copper,  As  75,  Cu  as 

Tantalum,  Ta 

Tin,  Sn99-8tt 

Antimony,  Copper,  Zinc 

(Britannia  Metal): 
Sn  81,  Sb  x6,  Cu  2,  Zji  1. 
Zinc,  Ainmlnum,  etc. 
(aluminum  solder): 
Sn  63.  Zn  18,  Al  13,  Cu 

3,  Sb  a,  Pb  1 

Sn6a,  Znxs.  Alxi,  Pb 

8,  Cu  ^,  Sb  I 

Zinc,  alummum: 

Sn  86,  Zn  9,  Al  s 

Aluminum,     zinc,     cad 
mium: 
Sn  78,  Al  9,  Zn  8,  Cd  s . 


Condition. 


Cast 

Ann 

Cast 

Drawn  hard. 
Drawn  hard. 

Drawn  hard. 

C^t 

Rolled  hard. 
Drawn  soft . 
Drawn  hard. 
Cast 


Drawn  hard 

Cast 

Wroiight,  ann — 
Wrought,      com 
Rolled  hard, 
Rolled  ann. 
Drawn  hard,  D 

X.65     mm     or 

0.065  in 


tt 


Cast 

RoUed... 
Wrought. 


Drawn  hard 

Cast,  minimums. 
Rolled,  min.,  rods 
and  bars  t  •  • .  . 
Rolled,         mini 
mum,      sheets 

and  plates 

Drawn  hard 

Drawn  hard 

Drawn  ann 

Cast 

Drawn  hard 

Drawn  hard 

Drawn  hard 

Cast 

RoUed 

Drawn  hard 


Cast,  chin 


Cast,  chiU 


a-t 


at 
5 


gm 
per 
cm* 


8.8 

8.9 

19-3 

I7>2 


11.38 
ZI.40 


10.5 

1-7 
1.74 

8.3 
8.7 


8.9 


la.x 
21. S 

xo.s 
10.57 

16.6 
7.3 


lb. 


SSo 

SS6 

1203 

1073 


710 
7" 


65s 
X06 
109 
S18 
543 


SSS 


755 
1342 

6S5 
660 

103s 
456 


Tension, 

kg/mm* 


2.8 


16.7  ** 

X2.6 


21.2 

551 
28.3 


22.8 
28.x 

21. X 


I.X 


U 


i 


Ma 


Tension, 
lb/in« 


23.1 
26.0 
18.0 

26jO 

45-8 

X02.0 
1-3 
2.3 
1.7 

2.2 

4-5 
21.0 
23.2 
26.7 

29.9 
46.0 

•64.7 

53-4 


109.0 


49-3 
73.8 
64.8 

I12.5 

45.7 

56.2 


45 
27 
37 
24 
28 

36 

77 

^^  o 
2.8 

3-7 
7.0 


10.3 
9.x 
8.6 

xo.z 


4.000 

23,800** 
17.900 


30,100 
78,400 
40,300 


32,500' 

40,000' 
30,000 


x,6oo 


33.000 
37.000 
25,000 
37.000 
65,100 

I4S.OOQ 

1,780 

3v300 

2,420 

3,130 

6,400 

30,000 

33.000 

38,000 

42,500 

65,000 

92,000 

76,000 


X  55, 000 


70,000 

xo4,9oo 

92,200 

X  60,000 
65,000 

80,000 


65,000 

39.000 

53,000 

35,000 

40,000 

5  J, 200 

xo9,5oo 

X30,ooo 

4,000 

5,300 

xo,ooo 


X4.SOO 
13,000 

X2,200 
I4^300 


OS*© 


Percent. 


Hard> 
ness. 


25.0 


5-7 

II.O 

xx.o 
3S.O 


x8.o 
31-3 
46.3 


25.0 
32.0 

X5^ 

18.0 
50.0 


35.0 


1.9 

1.6 

4X.0 

x8.o 


6.1 


20.0 
61.7 
70.2 


IS 

1-3 

8x.o 

4X.0 


j:  o 


I2r 

48  I  — 

I    JO 


8  I     3 


76 

83      35 


21 

i7 


59 
14 


24 

13 

32 

8 


J 


or 


Antimony:  Modulus  of  Elasticity  7960  kg/mm*  or  11,320,000  lb/in"  (Bndgman). 

*  Compressive  strength:   cast  and  annealed,  86.0  kg/mm*  or  x 22,000  Ib/in>.  1  •      •        o 

Comm'cl.  comp.,  C  0.06,  cast,  tensile,  ultimate,  42.8  kg/mm>  or  61,000  lb/in«,  with  20  per  cent  elongation  m  50.8 

2  in.    Compression,  ultimate  X23.0  kg/mm*  or  x 75 ,000  lb/in* 

Stellite,  Co  59-5,  Mo  22.5,  Cr  10.8,  Fc  31,  Mn  2.0,  C  0.9,  Si  0.8.    Brinell  hardness  512  at  3000  kg.  ^ 

t  Modulus  of  elasticity,  cast  or  rolled.  492  kg/mm«  or  700,000  lb/in»;  drawn  hard  703  kg/nmi»  or  1,000,000  Ib/in- 

I  For  compressive  test  data  on  lead-base  babbitt  metal,  see  table  following  zinc. 
f  Modulus  of  elasticity  x  5,800  kg/mm*  or  22,^00,000  lb/in*. 

II  Specification  values,  U.  S.  Navy,  Monel  metal,  Ni  min.  60,  Cu  rain.  23,  Fe  max.  3.5,  Mn  max.  3.5,  C  +  Si  max. 
0.8,  Al  max.  0.5. 

f  Values  shown  are  subject  to  slight  modifications  dependent  on  shapes  and  thicknesses. 

*♦  Values  are  for  yield  point. 

tf  Compressive  strength:  cast,  4.5  kg/mm*  or  6,400  lb/in« 

Modulus  of  elastkity:  cast  av.  2^10  kg/mm'  or  4,000,000  lb/in*;  rolled  av.  401.0  kg/mm*  or  5,700,000  lb/m« 
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MECHANICAL  PROPERTIES. 

TABLE  67.  —  MiBcellaneoiis  Metals  and  Alloys. 
(tf)   Tungsten  and  Zinc. 
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Metal  or 

aUoy 
approx. 

OODip. 

percent. 


Tuagsten, 
W90.2* 


Condition. 


Zinc,  SZn. 


'  Ingot  sintered, 
D  »  5.7  mm  or  0.22  in. 
Swaged  rod, 
D  —  0.7  mm  or  0.03  in. 
Drawn  bard, 
D  s>  0.029     mm     or 

0.00X  14  in 

Swaged  and  drawn  hot 

97.5%  reductionf.  ■ . 
Same  as   above   and 

equiaxed  at  2ooo'*C 

in  Hit 


Cast 

Coarse  crystalline 

Fine  crs^stalline 

Rolled  (with  grain  or 

direction  of  rolling) . 
Rolled  (across  grain  or 

direction  of  rolling) . 
Drawn  hard 


Density 
or  weight 


gm 
per 
cm' 


lb. 

per 

ft» 


I 
Ai 


Is 


Tension, 

kg/ mm* 


iS.o 


7.0 


71 


XZ24 


437 


443 


12. 7 
151.0 

4x5.0 
X64.0 

1 18.0 


H 


.s 


.9 


OS'S 


Hardness. 


Tension, 
lb/in« 


18,000 
2x5,000 

590,000 
233.500 

x68,ooo 


Percent 


0.0 
4.0 


3.2 


0.0 


(Impurities  Pb,  Fe  and  Cd) 


— 

2.8  to 
8.4 

— 

2.0 

19.0 

2,900 

4.x 

253 
7.0 

5,800 

4,000  to 
X  2,000 

27,000 

36,000 
xo,ooo 


0.0 
28.0 

65.0 
X4.0 

0.0 


A3  to 
43 


8  to 
10 


*  Commercial  composition  for  incandescent  dectric  lamp  filaments  containing  thoria  (ThOs)  approx.  0.75  per  cent 
after  Z  Jeffries  Am.  Inst.  Min.  Eng.  Bulletin  X38,  June,  19x8. 

t  Alter  Z  Jeffries  Am.  Inst  Min.  Eng.  Bulletin  149,  May,  19x9. 

t  Ordinary  annealing  treatment  makes  W  brittle,  and  severe  working,  below  recrystallization  or  equiaxing  tempera- 
ture, produces  ductility  W  rods  whkh  have  been  worked  and  recrystallized  are  stronger  than  sintered  rods.  The 
equiaxing  temperature  of  worked  tungsten,  with  a  5-min.  exposure,  varies  from  2200^  C  for  a  work  rod  with  24  per  cent 
reduction,  to  x^so*  C  lor  a  fine  wire  with  xoo  per  cent  reduction.    Tungsten  wire,  D  <*  0.635  mm  or  0.025  in. 

§  Compression  on  cylinder  25.4  mm  (x  in.)  by  65. x  mm  (2.6  in.),  at  20  per  cent  deformation: 

For  spelter  (cast  zinc)  free  from  Cd,  av.  X7.2  kg/mm*  or  24,500  lb/in*. 
*    For  spdter  with  Cd  0.26,  av.  27.4  kg/mm*  or  39,000  lb/in*.    (See  Proc.  A.  S.  T.  M.,  Vol.  13,  pi.  19.) 

Modulus  of  rupture  averages  twice  the  corresponding  tensile  strength. 

Shearing  strength:   rolled,  averages  X3.6  kg/mm*  or  194,000  lb/in>. 

Modulus  of  elasticity:  cast,  7.750  kg/mm*  or  xx, 025,000  lb/in* 

Modulus  of  elasticity,  rolled.  8450  kg/mm*  or  X2,ooo  000  Ib/in^    (Moore,  Bulletin  52,  Eng.  Exp.  Sta.  Univ.  of  lU.) 

(6)  White  Metal  Bearing  Alloys  (Babbitt  Metal). 

A.  S.  T.  M.  vol.  xviii,  I,  p.  491. 
Experimental  permanent  deformation  values  from  compressmn  tsts  on  cylinders  3X.8  mm  (x^  in.)  diam.  by  63.5  mm 
(2)  in.)  long,  tested  at  2x**  C  (70**  F.)    (Set  readings  after  removing  loads.) 


Al- 
loy 
No 


2 
3 
4 
5 


6 

7 
8 

0 
xo 
II 
12 


Formula, 
percent 


Sn      Sb     Cu     Pb 


Tm      Base. 


91.0 

4.5 

45 

Hq.o 

li 

35 

83.3 

8.3 

7S.O 

12.0 

3.0 

65.0 

15.0 

3.0 

I 

20.0 
xo.o 

5.0 

so 
2.0 


Lead  Base. 

15.0    X.5 

15.0 

150 

XO.O 

X5.0 
X5.0 

XO.O 


XO.O 

x8.o 


63.5 
750 
80.0 
85.0 
83.0 
85.0 
90.0 


Pouring 
temp. 

Weight 

C 

F. 

g/cm» 

lb./ft» 

440 

5^^ 

7-34 

458 

432 

8o3 

7-39 

461 

491 

916 

7.46 

465 

360 

680 

7.52 

469 

350 

661 

7.7s 

• 

484 

337 

638 

9.33 

582 

329 

625 

9-73 

607 

329 

625 

Z0.04 

627 

310 

616 

XO.24 

640 

32s 

625 

XO.07 

629 

32s 

62s 

10.28 

642 

334 

634 

XO.67 

666 

Permanent  deformation  @  2X**  C 


@  454  kg 
-i  xooo  lb. 

mm 

in. 

0.000 

0.0000 

.000 

.0000 

.025 

.00x0 

.013 

.0005 

.025 

.00x0 

.038 

.001  s 

.025 

.0010 

.051 

.0020 

.102 

.0040 

.025 

.OOIO 

.025 

.0010 

0.064 

0.0025 

®  2268  kg 
■i  5000  lb. 


mm 


0.02s 
.038 
.X14 
.064 
.076 


•X27 

.xa7 
.229 
.305 
.254 
.254 
0.432 


m. 


0.00x0 
.00x5 
.0045 
.0025 
.0030 


.0050 
.0050 
.0090 
.0120 
.0100 
.0100 
0.0170 


®  4536  kg 
>  xo,ooolb. 


□mi 


in. 


Hardnss. 


« 


«(g) 


0.380 

•305 
.x8o 
.230 
.230 


•457 
.583 
X.57S 
2.X30 
3.9x0 
3.020 
7.240 


0.0x50 
.0x20 
.0070 
.0090 
.0090 


.0x80 
.0230 
.0620 
.0840 
.XS40 
.XX90 
0.2850 


_2>o 

o 

88 


28.6 
28.3 

34.4 
29.0 
39.6 


24.3 
24.x 
20.9 

19.5 
X7.O 
17.0 
14.3 


X2.8 

12.7 

157 

X2.8 

XX.8 


XX. z 

11.7 

X0.3 
8.6 
8.9 

9.9 
6.4 


♦US.  Navy  Spec.  46M2b  (Cu  3  to  4*5.  Sn  88  to  89.5,  Sb  7.0  to  8.0)  covers  manufacture  of  anti-friction-metal  castings. 
'Composition  W.) 

Note.  —  See  also  Brass,  Lead  (yellow  brass),  Brass,  Lead-Tin  (Red  Brass);  Bronze,  Phosphor,  etc.,  under  Copper 
aUoys 
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Table  68. 

MECHANICAL  PROPERTIES. 
TABLE  68.  —  Cement  and  Concrete. 


1 r,                                                                                                                                                                                                                                                                                                                                                                                                                                           1                                                         1    n                                                 1 

(a)   Ceicent. 

Cement:  Specification  Values  (A.  S.  T.  M.  C9  to  17,  Cio  to  09,  and  C9  to  16T). 

Minimum  strengths  based  on  tests  of  645  mm'  (i  in')  cross  section  briquettes  for  tension, 
and  cylinders  50.8  mm  (2  in.)  diameter  by  101.6  mm  (4  in.)  length  for  compression.   Mortar, 
composed  of  i  part  cement  to  3  parts  Ottawa  sand  by  volimie;  si>ecimens  kept  in  damp 
closet  for  first  24  hours  and  in  water  from  then  on  imtil  tested. 

Cement 
(1:3  mortar  tested). 

Specific 
gravity. 

days. 

Tension. 

Compression.                 1 

kg/mm* 

lb/in« 

kg/mm* 

Ib/in« 

Std.  Portland 

310 

307 
2.85 

7 
28 

7 
28 

0.16 

■24 

■03 
0.09 

200 

300 

SO 
"5 

0.8s 
1.60. 

1,200 
2,000 

White  Portland.... 
Natural  Av 

Natural 

(6)  Cement  and  Cement  Mortabs. 

Cement  and  Cement  Mortars.  —  Bureau  of  Standards  Experimental  Values.    Com- 
pressive Strengths  of  Portland  cement  mortars  of  uniform  plastic  consistency.    Data  from 
tests  on  50.8  mm  (2  in.)  cubes  stored  in  water.    Sand:  Potomac  River,  representative  con- 
crete sand. 

Cement.                       Sand. 

Water, 
percent. 

Age, 
days. 

Compressive  strength.               1 

Proportions  by  volume. 

kg/mm* 

Ib/in> 

" 

0 
I 
2 

3 
9 

30.0 
16.0 
13-6 

13-9 

•7 
28 

7 
28 

7 
28 

7 
28 

7 
28 

4.20 
6.40 
310 

4.75 
2.05 

310 

1-25 

2.05 
0.10 

O.IS 

S,970 
9,120 

4,440 
6,750 
2,900 

4,440 

1,780 

2,890 

120 

200 

Note.  —  (From  Bureau  of  Standards  Tech.  Paper  58.)  Neat  cement  briquettes  mixed  at 
plastic  consistency  (water  21  per  cent)  show  0.52  kg/mm'  or  740  lb/in*  tensile  strength  at  28 
dajrs'  age; 

I  Cement:  3  Ottawa  sand-mortar  briquettes,  mixed  at  plastic  consistency  (water  9  per 
cent)  show  0.28  kg/mm'  or  400  lb/in*  tensile  strength  at  28  dajrs'  age. 
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MECHANICAL  PROPERTIES. 

(c)  Concrete. 
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Concrete:  Compressive  strei^ths.  Experimental  values  for  various  mixtures.  Results  compited  by  Joint 
Committee  on  Concrete  and  Remforced  Concrete.  Final  Report  adopted  by  the  Committee  July  i,  19x6. 
Data  are  based  on  testa  of  cylinders  203.2  mm  (8  in.)  diameter  and  406.4  mm  (16  in.)  long  at  a8  days  age. 

American  Standard  Concrete  Compressive  Strengths. 


Aggregate. 


Granite,  trap  rock 

Gravel,  hard  limestone  and 
hazd  sandstone 

Soft    limestone    and    soft 
sandstone 

Cinders 


Units. 


kg/mm* 
lb/in* 

kg/mm* 
lb/in* 

kg/mm* 
lb/in* 
kg/nmi' 
lb/in« 


Mix. 


1:3 


2.3 
3300 

2.1 
3000 

1-5 
2200 

0.6 

800 


1:4* 


2.0 
2800 

1.8 
2500 

1.3 
1800 

0.5 
700 


z:6 


2200 

1-4 
2000 

I.I 

1500 
0.4 

600 


1:7* 


1-3 
1800 


I.I 
1600 

0.8 

1200 

0.4 

500 


1:0 


i.o 
1400 

0.9 
1300 

0.7 
1000 

0.3 
400 


Note.  —  Mix  shows  ratio  of  cement  (Portland)  to  combined  volume  of  fine  and  coarse  aggregate  (latter  as 
shown). 

Committee  recommends  certain  fractions  of  tabular  values  as  safe  working  stresses  in  reinforced  concrete 
design,  which  may  be  summarised  aa  follows: 
Bearing,  3$  per  cent  of  compressive  strength; 
Compression,  extreme  fiber,  32.5  per  cent  of  compressive  strength; 
Vertical  shearing  stress  2  to  6  per  cent  of  compressive  strength,  depending  on  reinforcing; 
Bond  stress,  4  and  5  per  cent  of  compressive  strength,  for  plain  and  deformed  bars,  respectively. 

Modulus  of  Elasticity  to  be  assumed  as  follows: 


For  concrete  with  strength. 


kg/mm' 


up  to  0.6 

0.6  to  1.5 

1.5  to  2.0 

over  2.0 


lb/in« 


Up  to    800 

800  to  220^ 

2200  to  2900 

over  2900 


Assume  modulus  of  dasticity. 


kg/mm* 


530 
1400 

1750 
2100 


lb/in» 


750,000 
2,000,000 
2,500,000 
3,000,000 


(See  Joint  Committee  Report,  Proc.  A.  S.  T.  M.  v.  XVII,  19x7,  p.  201.) 

EDirox's  Note.  —  The  values  shown  in  the  table  above  are  probably  fair  values  for  the  compressive  strengths 
of  concretes  made  with  average  commercial  material,  although  higherresults  are  usually  obtamed  in  laboratoiy 
tests  of  specimens  with  high  grade  aggregates.  Observed  values  on  1:2:4  gntvei  concrete  show  moduli  of 
dasticity  up  to  3x60  kg/mn^  or  4,500,000  lb/in*  and  compressive  strengths  to  4.2  kg/mm*  or  6000  lb/in* 

Tensile  strengtiis  average  xo  per  cent  of  values  shown  from  compressive  strengths. 

Shearing  strengths  average  from  75  to  125  per  cent  of  the  compressive  strengths;  the  larger  percentage 
representing  the  shear  of  the  leaner  mixtures  (for  direct  shear,  Hatt  gives  60  to  80  per  cent  of  crushing  stroigth) . 

(Compressive  strengths  of  natural  cement  concrete  average  from  30  to  40  per  cent  of  that  of  Portland 
cement  concrete  of  the  same  proportioned  mix. 

Transverse  strength:  moduhis  <»  rupture  of  i :  2} :  5  omcrete  at  x  and  2  months  equal  to  ode  sixth  crushing 
strength  at  same  age  (Hatt). 

Weight  of  granite,  gravd  and  limestone,  1:2:4  concretes  averages  about  2.33  g/cm*  or  X45  lb/ft*;  that  of 
cinder  concrete  of  same  mix  is  about  1.85  g/cm*  or  1x5  Ib/ft^ 

Concretet  1:2:4  Mix,  Compressive  Strengths  at  Various  Ages, 

Experimental  Values:  one  part  cement,  two  parts  Ohio  River  sand  and  four  ports  of  coarse  aggregate  as 
shown.  (Compressive  tests  made  on  203.2  mm  (8  in.)  diameter  cylinders,  406.4  mm  (16  in.)  long.  (After  Pitts- 
burgh Testing  Laboratoiy  Results.    See  Rwy  Age,  vol.  64,  Jan.  x8,  xqxS,  pp.  X65-X66.) 


Coarse  aggregate. 


Gravel 

Limestone 
Trap  rock. 
Granite. . . 
Slag  No.  I 
Slag  No.  2 


Unit. 


kg/mm* 

lb/in« 

kg/mm* 

lb/in« 

kg/mm* 

lb/in« 

kg/mm* 

lb/in« 

kg/mm* 

lb/in» 

kg/mm* 

lb/in« 


Age. 


14  days. 


1921 
1.24 

1758 

1.45 
2063 

1.49 

2122 

1-75 
2484 

1.37 
I94I 


30  days. 


1. 61 
2294 

1-53 
2174 

1.67 

2386 

1. 61 

2292 

2.16 

3075 
1.78 

2525 


60  days. 


2.06 
2925 

2.35 

3343 
2.36 

3360 
2.14 

3043 

2.37 

3365 
2.06 

2930 


x8o  days. 


2.67 

3798 

3" 
4426 

3.39 
4819 

2.92 

4151 
3.38 
4803 
2.64 

3753 


Note.  —  Maximum  and  minimum  test  results  varied  about  5  percent  above  or  below  average  values  shown  above. 
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Table  M. 
MECHANICAL  PROPERTIES- 
TABLE  69.  —  Stone  and  Clay  Products. 


(fl)   Strength  and  Stiffness  of  American  Building  Stones.* 


Stone. 


Granite.. . 
Marble. . . 
Limestone 
Sandstone. 


Weight, 
average. 


Compression. 
Ultimate  strength. 


to 


2.6 
2.7 
2.6 
2.2 


I6S 

160 


Average. 


e 

M 


14 -20 

8.8s 
6.30 
8.80 


20,200 

12,600 

9,000 

12,500 


25 
25 
95 

50 


Flexure. 
Modulus  of 
rupture. 


Average. 


to 

M 


I. 15 

i05 
0.85 

1-05 


1600 
1500 
1 20c 
1500 


30 

50 

100 

55 


Shear. 
Ultimate 
strength. 


Flexure, 
modulus  of  elastictty. 


Average. 


^ 


1.60 
0.90 
1. 00 

1.20 


.g 


bog 


2300 
1300 
1400 
1700 


20 

25 
45 
45 


Average. 


S 
B 

tc. 

M 


5300 

5750 
5900 

2300 


lb/in* 


7,500,000 
8,200,000 
3,400,000 
3,300,000 


MS 


a 


25 

so 

65 
100 


*  Values  based  on  tests  of  American  building  stones  from  upwards  of  twenty-five  localities, 
made  at  Watertown  (Mass.)  Arsenal  (Moore,  p.  184).  Each  value  shown  under  "Range" 
is  one  half  the  difference  between  maximum  and  minimum  locality  averages  expressed  as 
a  percentage  of  the  average  for  the  stone. 


{b)  Strength  and  Stiffness  of  Bavarian  Botlding  Stone.* 


Stone. 


Granite. . 
Marble  t- 
Limestone 
Sandstone 


Weight, 
average. 


6 
to 


2.66 
2.16 

2. '48 
2.30 


165 
135 

155 
145 


Compression. 
Ultimate  strength. 


Average. 


"6 
S 


13.70 
560 
8.10 
8.10 


.s 


19,500 
8,000 
11,500 
11,500 


5 

15 
5 

75 


Flexure. 

Modulus  of 

niiSture. 


Average 


bo 


0.90 
0.30 
1. 10 

0.45 


a 


1300 
450 

1550 
650 


bo  u 

B  U 


45 
55 


Shear. 
Ultimate 
Strength.f 


Average. 


1 


1. 00 

0.45 
0.60 

0.50 


§ 


1420 
620 
870 
680 


o 

50 

20 

35 


Flexure. 

Modulus  of 

elasticity. 


Average. 


1600 
3450 
2350 
2500 


lb/in« 


2,300,000 
4,900,000 
3*350,000 
3.550,000 


1^ 


30 
90 

35 


*  Values  based  on  careful  tests  by  Bauschinger,  "  Commimications,"  Vol.  10. 
t  Shearing  strength  determined  perpendicular  to  bed  of  stone, 
t  Values  are  for  Jurassic  limestone. 


General  Notes.  —  i.  Later  transverse  strength  (flexure)  tests  on  Wisconsin  building  stones 
(Johnson*s  "Materials  of  Construction,'*  1918  Sd.,  p.  255)  show  moduli  of  rupture  as  follows: 
Granite,  1.90  to  2.75  kg/mm'  or  2710  to  3910  lb/in*;  limestone,  0.80  to  3.30  kg/mm*  or  1160  to 
4660  lb/in*;  sandstone,  0.25  to  0.95  kg/mm*  or  360  to  1320  lb/in*. 

2.  Good  slate  has  a  modulus  of  rupture  of  4.90  kg/mm'  or  7000  lb/in*  (he,  cU,,  p.  257). 
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(c)   Strengths  of  American  Building  Bricks.* 


BridL  —  descriptioQ. 


Class  A  (Vitrified) 

Class  B  (Hard  burned). . 
Class  C  (Common  firsts) , 
Class  D  (Common) 


Absorption 
average 
per  cent. 


5 
12 

i8 


Compression. 
Min.  ult.  strength. 


kg/mm' 


3SO 

2.45 
1.40 

1.05 


lb/in» 


5000 
3SOO 
2000 

1500 


Flexure. 
Min.  modulus  rupture. 


kg/mm* 


0.65 
0.40 
0.30 
0.20 


lb/in« 


900 
600 
400 
300 


*  After  A.  S.  T.  M.  Committee  C-3,  Report  191 3,  and  University  laboratories'  tests 
for  Committee  C-3  (Johnson,  p.  281). 


(<0   Strength  in  Compression  of  Brick  Peers  and  of  Terra-cotta  Block  Piers. 
Tabular  values  are  based  on  test  data  from  Watertown  Arsenal,  Cornell  University, 
U.  S.  Bureau  of  Standards,  and  University  of  111.  (Moore,  p.  185). 


Brick  or  block  used. 


Vitrified  brick 

Pressed  (face)  brick. 
Pressed  (face)  brick. 

Common  brick 

Common  brick. . . . 
Terra-cotta  brick. . . 


Mortar. 


I  part  P.t  cement  :  3  parts  sand. 
X  part  P.  cement  :  3  parts  sand. . 

I  part  lime  :  3  parts  sand 

I  part  P.  cement :  3  parts  sand. . 

I  part  lime  :  3  parts  sand 

I  part  P.  cement  :  3  parts  sand. . 


Compression.* 
Av.  ult.  strength. 


kg/mm' 


I -95 
1.40 

1. 00 

0.70 

0.50 

2.10 


lb/in« 


^800 
20C0 

1400 

lOCO 

700 

3000 


*  Building  ordinances  of  American  cities  specify  allowable  working  stresses  in  com- 
pression over  bearing  area  of  12.5  per  cent  (vitrified  brick)  to  17.5  per  cent  (common 
brick)  of  corresponding  ultimate  compressive  strength  shown  in  table. 

t  P.  denotes  Portland. 


(e)  Strength  of  Compression  of  Various  Bricks. 
Reasonable  minimum  average  compressive  strengths  for  other  types  of  brick  than 
building  brick  are  noted  by  Johnson,  "Materials  of  Construction,"  pp.  289  ff.,  as  follows: 


Bnck. 


sand-lime 

sand-lime  {German) 

patting 

acid-refractory  .  . . . , 
silica^efr actor y  . . . . 


kg/mm* 


lb/in« 


2.10 

3000 

1.53 

2x80  (av.  255  tests) 

5. 60 

8000 

0.70 

1000 

1.40 

2000 

The  specific  gravity  of  brick  ranges  from  1.9  to  2.6  (corresponding  to  120  to  160  lb/ft'). 

Building  tile:  hollow  clay  blocks  of  good  quality,  —  minimum  compressive  strength: 
0.70  kg/mm*  or  1000  Ib/in^.  Tests  made  for  A.  S.  T.  M.  Committee  C-io  (A.  S.  T.  M. 
Proc.  XVII,  I,  p.  334)  show  compressive  strengths  ranging  from  0.45  to  8.70  kg/mm* 
or  640  to  12,360  Ib/in^  of  net  section,  corresponding  to  0.05  to  4.20  kg/mm*  or  95  to  6000 
lb/in*  of  gross  section.  Recommended  safe  loads  (Marks,  "Mechanical  Engineers* 
Handbook,"  p.  625)  for  effective  bearing  parts  of  hollow  tile:  hard  fire-clay  tiles 
0.06  kg/mm*  or  80  lb. /in*;  ordinary  clay  tiles  0.04  kg/mm*  or  60  Ib/in^;  porous  terra- 
cotta tiles  0.03  kg/mtr?  or  40  lb/in.'  The  specific  gravity  of  tile  ranges  from  1.9  to  2.5 
corresponding  to  a  weight  of  120  to  155  lb/ft". 
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Table  70. 

MECHANICAL  PROPERTIES. 

TABLE  70.  -^  Rabber  and  Leather. 

(a)  Rubber,  —  Sheet.* 


Grade. 

Ultimate  strength. 

Ult  dongation. 

Sctl 

LongitudinaLf 

Transvene. 

Longit. 

Transv. 

Longit. 

Transv.     1 

kg/mm* 

lb/in« 

kg/mm* 

lb/in* 

percent 

percent. 

I 

2 

3 

4 

5 
6 

1.92 

1-45 
0.84 

1.30 
0.48 

0.62 

2730 
2070 

1200 

1850 

690 

880 

1. 81 

1-43 
0.89 

1.20 

0.36 

0.48 

2575 
2030 

1260 

1700 

510    ' 
690 

630 
640 
480 
410 
320 

315 

640 
670 

555 
460 

280 
31S 

II. 2 

6.0 

22.1 

340 
27s 
34.3 

7.3 

5-0 

X6.3     ' 
24.0 

25.0 
25  9 

1 
*  Data  from  Bureau  of  Standards  Circular  38. 

t  Longitudinal  indicates  direction  of  rolling  through  the  calendar. 

t  Set  measured  after  300  per  cent  elongation  for  i  minute  with  i  minute  rest. 

The  specific  gravity  of  rubber  averages  from  0.95  to  1.25,  corresponding  to  an  average  weight 
of  60  to  80  lb/ft». 

Four-ply  rubber  belts  show  an  average  ultimate  tensile  strength  of  0.63  to  0.65  kg/mm'  01 
890  to  930  Ib./in^  (Benjamin),  and  a  working  tensile  stress  of  0.07  to  o.ii  kg/nmi'  or  100  to  150 
Ib./in'  is  recommended  (Bach). 


(b)  Leather,  —  Belting. 

Oak  tanned  leather  from  the  center  or  back  of  the  hide: 

Minimum  tensile  strengths  of  belts  f  single  2.8  kg/nmi'  or  4000  Ib./in* 
(Marks,  p.  622)  \  double  2.5  kg/mm*  or  3600  Ib./in* 

Maximum  elongation  for  one  hour  application  of  f  single  13.5  per  cent 
1.6  kg/mm'  or  2250  Ib./in'  stress  \  double  12.5  per  cent. 

Modidus  of  elasticity  of  leather  varies  from  an  average  value  of  12.5  kg/mm'  or  17,800  lb/in* 
(new)  to  22.5  kg/mm'  or  32,000  Ib./in'  (old). 

Chrome  leather  has  a  tensile  strength  of  6.0  to  9.1  kg/mm'  or  8500  to  12,900  lb/in*. 

The  specific  gravity  of  leather  varies  from  0.86  to  1.02,  corresponding  to  a  weight  of  53.6 
to  63.6  lb./ft». 
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TABLE  71.  —  Manila  Rope. 

Manila  Rope,  Weight  and  Strength  —  Specification  Values.  From  U.  S.  Government  Stand- 
ard Specifications  adopted  April  4,  191 8. 

Rope  to  be  made  of  manila  or  Abaca  fiber  with  no  fiber  of  grade  lower  than  U.  S.  Govern- 
ment Grade  I,  to  be  three-strand,*  medium-laid,  with  maximum  weights  and  minimum  strengths 
shown  in  the  table  below,  lubricant  content  to  be  not  less  than  8  nor  more  than  12  per  cent  of 
the  weight  of  the  rope  as  sold. 


Approximate 
diameter. 

Circumference. 

Maximum  net  weight 

Minimum  breaking 
strength. 

mm 

• 

m. 

mm 

in. 

kg/m 

lb/ft 

kg 

lb. 

6.3 

i 

19. 1 

i 

0.029 

0.0196 

320 

700 

7.9 

A 

25-4 

I 

0.044 

t>.0286 

540 

1,200 

9-5 

i 

28:6 

It 

0.061 

0.0408 

660 

1,450 

II. I 

A 

31.8 

li 

0.080 

0.0539 

790 

1,750 

II. 9 

a 

34-9 

if 

0.095 

0.0637 

950 

2,100 

12.7 

i 

38.1 

ij 

0.109 

0.0735 

1,110 

2,450 

14.3 

A 

445 

If 

0.153 

0.1029 

1,430 

3,150 

iS-9 

i 

50.8 

3 

0.195 

0.1307 

1,810 

4,000 

19. 1 

r 

57.2 

2i 

0.241 

0.1617 

2,220 

4,900 

20.6 

« 

63s 

2* 

0.284 

0.1911 

2,680 

5,900 

22.2 

i 

69.9 

2i 

0.328 

0.2205 

3,170 

7,000 

25.4 

I 

76.2 

3 

0.394 

0.2645 

3,720 

8,200 

27.0 

lA 

82.6 

3i 

0.459 

0.3087 

4,310 

9,500 

28.6 

it 

88.9 

3* 

0.525 

0.3528 

4,990 

li,ooo 

31.8 

li 

95-2 

3f 

0.612 

0.4115 

5,670 

12,500 

33.3 

lA 

101.6 

4 

0.700 

0.4703 

6,440 

14,200 

34.9 

i| 

108.0 

4i 

0.787 

0.5290 

7,260 

16,000 

38.1 

li 

II4-3 

4i 

0.875 

0.5879 

7,940 

17,500 

39.4 

lA 

120.7 

4i 

0.984 

0.6615 

8,840 

19,500 

41.2 

If 

127.0 

s 

1.094 

•    0.7348 

9,750 

21,500 

44.5 

1 

ij 

140.0 

si 

1. 312 

0.8818 

11,550 

25,500 

1 

50.8 

2 

152.4 

6     . 

1.576 

I  059 

13,610 

30,000 

52.4 

2A 

165.1 

6J 

1.823 

1.225 

15,420 

34,000 

57.2 

»i 

1778 

7 

2.144 

1.441 

17,460 

38,500 

63.5 

2i 

1905 

7* 

2.450 

1.646 

19,730 

43,500 

.  66.7 

2f 

203.2 

8 

2.799 

1. 881. 

22,220 

49,000 

73.0 

3i 

215-9 

8* 

3.136 

2.107 

24,940 

55,000 

76.2 

3 

228.6 

9 

3-543 

2.381 

27,670 

61,000 

79.4 

3i 

241.3 

9i 

3-936 

2.645 

30,390 

67,000 

82. s 

3i 

254.0 

10 

4-375 

2.940 

33,110 

73,000 

*  Four-Strand,  medium-laid  rope  when  ordered  may  run  up  to  7  %  heavier  than  three-strand 
rope  of  the  same  size,  and  must  show  95  %  of  the  strength  required  for  three-strand  rope  of  the 
same  size. 
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MECHANICAL  PROPERTIES.    TABLE  7S.  —  Hardwoods  Grown  in  U.  S.  (Metric  Units). 


G>minon  and  botanical 
name. 


Alder,  red 

{Alnus  oregona) 
Ash,  black 

{Fraxinus  nigra) 
Ash,  white  (forest  grown). . 

(Fraxinus  americana) 
Ash,  white  (second  growth) 

{Fraxinus  americana) 
Aspen , 

{Populus  tremuloidcs) 
Basswood 

{Tilia  americana) 
Beech 

(Fagus  atropunicta) 
Birch,  paper , 

{Betula  papyrifera) 
Birch,  yellow 

[Betula  lulea) 
Butternut 

(Juglans  cinerea) 
Cherry,  black 

(Prunus  serotind) 
Chestnut 

(Castanea  dentata) 
Cottonwood 

{Populus  dcltoides) 
Cucumber  tree 

{Magnolia  acuminata) 

Dogwood  (flowering) 

'    {Cornus  fiorida) 

Elm,  cork 

{Ulmus  racemosa) 
Elm,  white 

{Ulmus  americana) 
Gum,  blue 

{Eucalyptus  globulus) 
Gum,  cotton 

{Nyssa  aquaiica) 
Gum,  red 

{Liquidambar  styracijlua) 
Hickory  pecan 

{Hicorta  pecan) 
Hickory,  shagbark 

{flicoria  ovata) 
Holly,  American 

{Ilex  opaca) 
Laurel,  mountain 

{Kalmia  latijolia) 
Locust,  black 

{Robinia  pseudacacia) 
Locust,  honey 

{Gleditsia  triacanlJtos) 
Magnolia  (evergreen) 

{Magnolia  Joelida) 
Maple,  silver 

{Acer  saccharinum) 
Maple,  sugar 

{Acer  sacckarum) 
Oak,  canyon  live 

{Quercus  ckrysolepsis) 
Oak,  red 

{Quercus  rubra) 
Oak,  white 

{Quercus  alba) 
Persimmon 

{Diospyros  virginiana) 

Poplar,  yellow 

{Lirtodendron  tulipifera) 
Sycamore 

{Plaianus  ouidentalis) 
Walnut,  black 

{Juglans  nigra) 
Willow,  black 

{Salix  nigra) 


Specific 

gravity, 

ovcn-diy, 

based  on 


vol. 
when 
green. 


0.37 
0.46 
o.sa 
0.58 
0.36 

0.33 
0.54 
0.47 

O.S4 
0.36 
0.47 
0.40 

0.37 
0.44 
0.64 
0.58 
0.44 
0.6a 
0.46 
0.44 
0.60 
0.64 
0.50 
0.6a 
o.6d 
0.60 
0.46 
0.44 

0.56 
0.70 
0.56 
0.60 
0.64 

0.37 
0.46 
0.51 
0.34 


vol. 
oven- 
dry. 


Static  bending. 


0.43 
O.S3 
0.60 
0.71 
0.43 
0.40 
0.66 
0.60 
0.66 
0.40 

0.53 
0.46 

0.43 
o.sa 
0.80 
0.66 
O.S4 
0.80 
0.52 

O.S3 
0.69 

o.6x 

0.74 
0.71 
0.67 

O.S3 
0.51 
O.05 
0.84 
0.65 
0.71 
0.78 
0.42 

O.S4 
0.56 
0.41 


a 


6 


2.65 
1.8s 
3.4s 
4.30 
2.0s 

X.QO 

3. IS 
2.05 

3.2s 
a. 05 

2.95 
2.ao 
a. 05 
2-95 

3.40 
3.25 

2.SS 
535 
2.95 
2.60 

3.65 
4.  IS 
a.  40 
4.Z0 
6.20 
3-95 
ass 
2.20 
3.  SO 

4.4s 
2.6o 
3-30 

3.9s 
2.2s 
2.30 
3.80 
1.25 


a 

at 


4-55 
4.20 
6.40 
7.60 

3.7S 
3.50 
S.8p 
4.X0 
6.  OS 
3.80 
S.6s 
3-9S 
3-7S 
5.20 
6.20 
6.70 

4.8s 
7.8s 
S.iS 
4.80 
6.90 

7.7s 

4-S5 
S.90 
9.70 
7.20 
4.80 
4.10 
6.40 
7.4s 
S-40 
S.8S 
7.05 

3-9S 
4.60 
6.70 
2. 75 


o< 

I 


830 
720 
950 

1150 
590 
72s 
87s 
710 

X080 
680 
920 

6SS 

7x0 

zxoo 

830 
840 
72s 
1430 
740 
810 

960 

xios 

630 

650 

Z300 

9x0 

780 

660 

X040 

945 
910 
880 

96s 
8so 

745 
xooo 

395 


Impact  bend- 
ing. 


^ 


dt 


5. 60 
S.xo 
8.2s 
9.70 
4.8s 
4.3s 
7.30 
5.50 
8.2s 

5. IS 
7.20 

5-55 
5. OS 

6-55 
5.00 

7-75 
S.70 

xo.oo 
6.30 
7.0s 
8.6s 

xo.xo 
6.25 
7.20 

12.90 
8.30 
6.20 
4.80 
8.50 
7.90 
7.30 

7-55 
8.50 
S.6s 
6.20 

8.40 
3.60 


M    1.1 


iO 


0.56 
o.8x 
0.9X 
X.19 
,  0.7X 

0.43 
X.02 
1. 14 
1. 03 
o.6z 
0.84 
0.61 

0.53 
0.76 
X.47 
X.27 
0.86 
1.02 
0.76 
0.84 

i.3S 
1.83 
X.30 
0.81 

Z.X2 
X.20 

1.37 
0.74 
0.91 
X.20 
Z.04 
1.07 
1.04 
0.43 
0.84 
0.94 
O.9X 


OnnpresaiDn. 


Parallel 
to  grain. 


P- 

limit 


Ulti- 
mate. 


kg/  mm' 


11 


X.85 
x.is 
2.30 
2.70 
x.xo 
1.20 

1.80 

Z.20 
X.90 
X.40 
2.XO 

X.45 
X.2S 

1-95 

2. 09 
Z.63 

3.40 

1.95 
X.70 

2. IS 

2.40 
1.40 

4.40 

2.35 
I'SS 
1.35 
2.20 
2.85 
1.6s 
2.X0 
a. IS 
X.40 
1.70 

2.55 

0.70 


11 


2.10 
1.60 
2.70 
2.90 
1.50 

1.55 
2.30 

1.55 
2.40 
1.70 
2.50 

1.75 
X.60 
2.ao 

2.55 
a.  70 
a.oo 
3.70 
a. 40 

X.9S 
2.80 
3.20 

x.8s 
3.00 
4.80 
3.X0 
1.90 

1.75 
2.8o 
3.30 
2.25 
2. so 

2.9s 
X.80 
2.00 
3.0s 
1.05 


k 

li 


Shear. 


i 


18 


0.23 
0.31 

O.S7 
0.56 
0.14 
o.xs 
0.43 

0.2X 
0.32 

O.X9 
0.3X 

••27 

o.  17 
0.29 
0.73 
0.53 

0.23 

0.72 
0.42 
0.32 
0.63 
0.70 
0.43 
0.78 

X.OI 
I.09 
0.43 
0.32 

O.S3 

X.Q4 

0.51 
0.59 
0.78 
0.22 
0.3a 
0.43 
o.xs 


5^ 


u 


0.54 

0.61 
0.89 

I.Z3 
0.44 

0.43 
0.85 
0.56 
0.78 

O.S3 
o.8o 
o.s6 
0.48 
0.70 
X.07 
0.89 
0.65 
x.09 
0.84 

0.7S 
z.04 
0.93 
0.80 
i.x8 
1.24 
1. 17 
0.73 
0.74 
0.97 
z.ao 
0.79 
0.83 

1.03 
0.56 
0.7X 
0.86 
0.44 


Ten- 
sion. 


3  *i  6 


Tbisdsts. 


li 


0.27 

0.35 
0.44 
0.56 
0.13 
0.20 
o.s6 
0.27 

0.34 
0.30 
0.40 
0.30 
0.29 
0.3X 

0.47 
0.39 
0.45 
0.42 
0.36 
0.4S 

.0.43 

O.S4 
o.^ 
0.43 
0.39 
0.54 
0.68 
0.52 
0.54 
O.S4 
0.32 
0.44 

0.43 
0.30 


Load  to 
\  imbed 
XI.3  ms: 

d.ball 


end    side 
kg      I? 


16 


250 
270 
455 
51s 
xao 

"S 

430 
183 
370 
185 
340 
243 

175 
270 
640 

445 
27s 
595 
363 
28s 
575 

390 

635 

740 

65s 

35S 
30S 
455 
720 

465 
510 
56s 
190 
320 

435 
x6o 


II 


r» 

2$5 
401 

»45 
"3 
373 

3K) 

175 
300 
190 

IS: 

2.55 
64c 

4S0 

2S0 
610 
32c 

595 
360 

590 
71S 
630 

33S 
270 

715 

430 
4S0 
5S0 
155 
37s 
410 

165 


Note.  —  Results  of  tests  on  sixty-eight  species;  test  specimens,  small  clear  pieces, 
for  bending;  others,  shorter.  Data  taken  from  Bulletin  556,  Forest  Service,  U.  S.  Dept. 
tets.     See  pages  87  and  99  for  explanation  of  columns. 
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Common  and  botanical 
name. 


Cedar,  incense 

{Libocedrus  decurrens) 

Cedar,  Port  Orford, 

iCkamaecy  Paris  lawsoniafia) 
Cedar,  western  red 

(Tkuja  flkata) 
Cedar,  white 

(Tkuja  ouidentalis) 
Cypress,  bald 

(Taxodium  distkkum) 
Fir,  amabQis 

{A  hies  amabUis) 
Fir,  balsam 

{Abies  hakamea) 
Fir,  Douglas  (i) 

{PseudotsMga  taxifolia) 
Fir,  Douglas  (3) 

{Fseudotsuga  tojufolia) 
Fir.  grand 

{Abies  grandis) 
Fir,  noble 

{Abies  HobiUs) 
Fir.  white 

{Abies  concohr) 

Hemlock,  eastern 

I     {Tsuga  canadensis) 

\  Hemlock,  western 

{Tsuga  keleropkyUa) 
Larch,  western 

{Larix  ouidentalis) 
Pine,  Ciiban 

{Pinus  keteropkylla) 
Pine.  bbloUy 

{Pinus  taeda) 
Pine,  lodgepole 

{Pinus  cantor ta) 


Specific 

gravity, 

oven-dry, 

based  on 


vol. 
when 
green. 


Pine,  lonfjeaf 

{Pinus  palustris) 
Pine.  Norway 

{Pinus  restnosa) 
Pine,  pitch 

{Pinus  rigida) 
Pine,  shortleaf 

{Pinus  eckinata) 
Pine,  sugar 

{Pinus  iambertiana) 
Pine,  western  white . . . 

{Pinus  monticola) 
Pine,  western  yellow.. , 

(Pinus  ponderosa) 


Pine,  white 

{Pinus  strobus) 
Spruce,  red 

(Picea  rubens) 
Spruce,  Sitka 

(Picea  sitckensis) 

Tamarack , 

^  {Larix  laricina) 
Yew.  western , 

{Taxus  brevifolia) 


0.3s 
0.4X 
0.31 
0.39 
0.41 
0.37 
0.34 
0.45 
0.40 

0.37 
0-3S 
0.3S 
0.38 
0.38 
0.48 
0.5S 
0.50 
0.38 

o.ss 
0.44 

0.47 
0.50 
0.36 

0.39 
0.38 

0.36 
0.48 

0.34 
0.49 
0.60 


vol. 
oven- 
dry. 


0.36 

0.47 
0.34 

0.3a 
0.47 
0.43 
0.41 
0.52 
0.44 
0.43 
0.41 
0.44 
0.44 

0.43 
O.S9 
0.68 
O.S9 
0.44 

0.64 
0.51 

0.54 
0.58 

0.39 
0.4s 
0.43 

0-39 
0.41 

0.37 
0.56 
0.67 


Statk  bending. 


6 


2.75 
2-75 
3.30 

1. 8s 
2.80 

a. 75 
2. 10 

350 
2.5s 
2. 55 
3.40 

2-75 
2.95 
2.40 
325 

3  95 
3.10 
2.Z0 

3.80 
3.60 
2.6o 

3IS 
3.30 

2.45 

3.20 

3.40 
3.40 
2.10 

2.9s 

4-55 


o  a 
E 


4.35 
4.80 
3.65 
3.9s 
4.80 
4.45 
3.45 
5.50 

4.50 
4.30 
4.00 
4.30 
4.70 
430 
5.25 
6.30 
S-30 
3.8s 

6.10 

4.50 
4.70 

5. 65 
3.75 
4.00 

3.6s 

3. 75 
4.00 

3.8s 
5.05 
7.  10 


II 


590 

loss 
670 

4SO 
835 
915 
67s 
XI 10 
830 

91S 
goo 

795 
790 
835 
950 

1150 
970 
760 

ziSo 
970 
790 

X030 

68s 

•35 
710 

75© 
830 
830 

875 
695 


Impact  bend- 
ing. 


B 
6 


^ 


5.15 
6.55 

SOS 

3.75 
5.60 
SSo 
4.85 
6.60 
6.40 
S-70 

5-55 
50s 
5-55 
5- 50 
6.60 

7.95 
6.70 
5.0s 

7.60 

5.35 
6.40 
7.90 
4.70 

5-35 
4.70 

4-55 
SOS 
5.05 
S-50 
9.20 


h 

10 


0.43 
0.64 

0.43 
0.38 

o.6z 

O.S3 
0.41 
0.63 

0.51 
o.s6 

0.51 
0.46 

0.51 
o.Si 
0.61 

0.94 
0.81 

0.51 

0.86 
0.71 

0.74 
0.99 

0.43 
o.s8 
0.48 

0.46 
0.46 

0.74 
0.7X 

0.97 


CompressiocL 


ParaUel 
to  grain. 


P-     I  Ulti- 
limiL  I  mate. 


kg/mm* 


U 


3.00 
2.Z0 

1.75 
1. 00 
2.20 
1.70 

1.55 
2.40 
1.80 
X.90 
X.70 
x.8s 
1.93 

X.63 

2.30 
2.80 

2.00 

x.so 

2.70 

1. 75 
x.so 
2.  so 
1. 6s 
1.95 
1-45 

x.6s 
i.6s 
X.60 
2.20 
2.40 
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2.20 
2.30 
2.00 
x.40 

2.45 
2.00 

1.70 
2.80 

• 

2.10 
2.10 

X.93 

1-95 
2,30 

2.0s 
2.70 

315 

2.  so 
x.8s 

3.10 

2.23 

2.15 
2.70 

x.8s 

2.15 

X.75 

X.90 

1.95 
1. 8s 

2.45 
3.25 


1:3  6 


Shear. 


18 


0.32 
0.27 
0.22 
0.20 

0.33 
0.22 

o.is 
0.37 
0.32 
0.24 
0.22 
0.31 

0.35 
0.25 

0.39 
0.41 

0.39 
0.22 

0.42 
0.2s 
0.36 

0.34 
0.25 

0.2Z 
0.24 

0.22 
0.25 
0.23 
0.34 
0.73 


Si 

I' 

mi  -ti 


14 


0.58 
0.62 
O.SI 
0.44 
0.58 

0.47 
0.43 
0.64 
0.62 
O.S3 
0.49 
O.SI 
0.62 

O.S7 
0.6s 
0.72 
0.63 
0.49 

0.75 
O.S5 
0.67 
0.63 
0.50 
0.50 
0.48 

0.45 
0.54 
O.SS 
0.66 
1. 14 


Ten- 
sion. 


ti._. 


Hardness. 


Load  to 

i  imbed 

1 1.3  mm 

d.  baU 


li 


0.20 

0.17 
CIS 
0.17 
0.20 

0.X7 
0.23 
0.X4 
0.2s 
o.x6 
0.13 
o.x8 
o.x8 
o.x8 
o.x6 
0.20 
0.20 
O.IS 

0.20 

0.13 
0.2s 
0.23 
0.X9 
o.x8 

0.23 
0.18 

o.xs 

0.16 
0.18 
0.32 


end 
kg 


16 


260 
255 
19s 
14s 

2X5 

i6s 
135 
230 
20s 
190 
I3S 
175 
230 

245 

2X5 

260 

x8s 
145 

250 
i6s 
210 

223 

153 
ISO 

143 

135 
190 

195 

183 

6x0 


side 
kg 


17 


175 
220 
Z18 
X04 

175 
X40 

135 

215 

x8o 
i6s 
"S 
ISO 

x8s 

195 
205 

28s 
205 
ISO 

270 

155 
220 

255 
I4S 
ISO 

14  s 

135 
x6o 
170 
170 
530 


Note.  —  The  data  above  are  extracted  from  tests  on  one  hundred  and  twenty-six  species  of  wood  made  at  the  Forest  Products 
Laboratory,  Madison,  Wisconsin.  Bulletin  556  records  results  of  tests  on  air-diy  timber  also,  but  only  data  on  green  timber  are  shown, 
as  the  latter  are  based  on  a  larger  number  of  tests  and  on  tests  which  are  not  influenced  by  variations  in  moisture  content.  The 
strength  of  dry  material  usually  exceeds  that  of  green  material,  but  allowable  working  stresses  in  design  should  be  bas.d  on  strengths 
of  green  timber,  inasmuch  as  the  increase  of  strength  due  to  drying  is  a  variable,  uncertain  factor  and  IDcely  to  be  offset  by  defects. 
All  test  specimens  were  two  inches  square,  b/  lengths  as  shown. 

CoLuicN  Notes.  — S,  Locality  where  grown,  —  see  Tables  74  and  7S;  Si  Moisttire  includes  all  matter  volatile  at  xoo"  C  expressed 
as  per  cent  of  ordinary  weight;  6,  Weight,  air  dry  is  for  wood  with  12  per  cent  moisture;  for  density,  see  metric  imit  tables  72  and 
73;  S-10,  762  mm  (30  in.)  long  q>ecimen  on  711.2  mm  (28  in.)  span,  with  load  at  center. 

Smithsonian  Tables. 
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munon  and  botanical 
name. 


lar.  incense 

Libocedrus  ieatneHs) 

iar.  Port  Oxford 

Ckamaecyparis  Unth 
soniana)       * 

[iar.  western  red 

Thuja  ^icata) 

dar,  white 

[Thuja  occidenkdis) 

press,  bold 

.Tttxodium  distichmm) 

',  amabilis 

[Abies  amabilis) 

',  balsam 

[Abies  balumua) 

'.  Dou£^  (z) 

[Pseudotsuga  taxifolia) 

',  Dou^bs  (a) 

{Pseudotsuga  taxifolia) 

:,  grand 

lAbles  grandis) 

r,  noble 

(Abies  nobiUs) 

r,  white 

(Abies  conador) 

anlock  (eastern) 

(Tsuga  canadeHsia) 

•xaiodk  (western) 

(Tsuga  hetenphyUa) 

ich,  western 

(Lortx  oecideiiialis) 

oe,  Cuban 

(Pinus  hetero^tyUa) 

ae,  loblolly 

(Pinus  taeda) 

ae,  lodgepole.i 

(Pinus  contorta) 

ne,  longleaf 

(Pinus  palusUis) 

ne,  Norway 

(Pinus  resinosa) 

ne,  pitch 

(Pinus  rigida) 

ne,  shortleaf 

(Pinus  echinata) 

ne,  sugar 

(Pinus  lan^ertiana) 

ne.  western  white 

(Pinus  monticola) 

ine,  western  vellow .... 

(Pinus  ponderosa) 


Locality 
where  grown. 


ine,  white 

(Pinus  sirobus) 
pfuce,  red  .....••< 
(Picea  mbens) 

pmce,  Sitka , 

{Picea  sitchensis) 

fttnarnfk ,  ,,, 

(Larix  iaridna) 

tw,  western 

(r<UM«  brevifolia) 


CaL  and  Ore. 
Ore. 


Wash,  and 

Mont. 
Wis. 

La.  and  Mo. 

Ore.  and 
Wash. 
Wis, 

Wash,  and 

Ore. 
Mont  and 

Wyo. 
Mont,  and 

Ore. 
Ore. 

Cal. 

Tenn.and 

Wis. 
Wash.    . 

Mont  and 

Wash. 
Fla. 

Fla.,  N.  and 

S.  C:ar. 
Col.,  Mont 

and  Wyo. 
Fla.,  La.  and 

Miss. 
Wis. 

Tenn.     . 

Ark.  and  La. 

Cal. 

Mont 

Col.,   Mont. 

Aria.,  Wash. 

andC:al. 
Wis. 

N.  H.  and 

Tenn. 
Wash. 

Wis. 

Wash. 


zo8 
Sa 

39 
55 
87 

I03 

117 
36 

3S 
94 
41 
156 
los 
71 
S8 
47 
70 

6S 
47 
54 
85 
64 
"3 
58 
95 

74 
43 
53 

44 


Weight 


Green. 


Air- 
dxy. 


lb/ft« 


45 
39 

37 

38 
48 
47 
45 
38 
34 
44 
31 
S6 
48 
41 
48 
53 
54 
39 
50 
4a 
54 
50 

SO 
39 
46 

39 
34 
33 

47 

54 


24 
3X 

33 

31 
30 
27 
25 
34 
32 

27 
26 
a6 
29 
29 
37 
45 
39 
28 

43 
34 
35 
37 
36 

30 
aS 

27 
28 
36 
38 
45 


Static  bending. 


I 


6 


3900 
3900 

3300 
2600 
4000 
3900 
3000 
5000 
3600 
3600 

3400 
3900 
4200 
3400 
4600 
5600 
4400 
3000 
S40O 
3700 
3700 
4500 
3300 
3500 
3x00 

3400 

3400 
3000 
4200 
6500 


1^ 

It 


6200 
6800 

5300 
4200 
6800 
6300 

4900 
7800 
6400 
6100 
5700 
6000 
6700 
6100 
7500 
8800 
7500 
5500 
8700 
6400 
6700 
8000 
5300 
5700 
5200 

5300 
5700 
5500 
7200 

xoxoo 


|§ 

^3 


840 
X500 

950 

640 

1x90 

1300 

q6o 
1580 
xx8o 
X300 
1280 
1 130 
1120 
zxgo 
1350 
X630 
1380 
1080 
X630 
X380 

II30 
1450 
970 
X33O 
XOXO 

Z070 
1x80 
xx8o 
X240 

990 


Impact 
bending. 


7300 
9300 

7ZOO 
5300 
8000 

7800 
6900 
9400 

0IOO 
8x00 
7900 
7300 
•  7900 
7800 
9400 

1X300 
9500 
7200 

X0800 
7500 
9X00 

XX200 
6700 
7600 
6700 

6500 
7200 
7900 
7800 

X3X0O 


Compression. 


Parallel 
to  grain 


P- 

limit 


Ib/m* 


11 


2870 
3970 

3500 
1430 
3100 
2380 
2220 
3400 
3530 
2680 
2370 
26x0 
2710 
3290 
3250 
3950 
2870 

3Z0O 

3840 

3470 
3XOO 

3650 
3540 
2770 
2080 

2370 
3360 
3280 
3010 
3400 


IS 


460 
380 

3x0 
290 
470 
320 

3IO 
530 
450 

340 
310 
440 
500 
350 
560 
590 
550 
3X0 
600 
360 
510 
480 

3SO 
300 
340 

310 
350 
330 
480 
1040 


Shear. 


u 


830 
880 

730 
620 
820 
670 
6x0 
9x0 

880 

700 
700 

730 
880 

8x0 

920 

1030 

900 

690 

X070 

780 

950 

890 

710 
7x0 

680 

640 

770 

780 

860 

1620 


Ten- 
sion. 


li 


280 
240 

310 

340 

280 

340 

x8o 

aoo 

350 

230 

x8o 

360 

260 

260 

330 

290 

280 

220 

290 

190 

350 

330 

370 

350 

280 

260 

320 
330 
360 
450 


CoLXTiEN  NoTss  (continued).  —  (7)  recommended  allowable  working  stress  (interior  construction):  |  tabular  value;  experi- 
itai  results  on  tests  of  air-dry  timber  in  small  clear  pieces  average  50  per  cent  higher;  kUn-dry,  double  tabulae  vaiues;  (10) 
sated  falls  of  so4b.  hammer  from  increasing  heiehts;  11-11,  203.2-mm  (8  in.)  long  specimen  loaded  on  ends  with  daormations 
isured  in  a  x<2.4-mm  (6  in.)  gage  length:  (U)  aUowaUe  working  stress  i  tabular  crushing  strength:  (IS)  152.4-mm  (6  m.)  long 
±  loaded  on  its  side  with  a  central  beanng  area  of  3$8o.6-mm^  (4  in*)  allowable  working  stress,  f  tabular  value.  (14)^  so.8:mm 
50.8-mm  (a  in.)  projecting  lip  sheared  from  block;  allowable  working  stress,  i  tabular  value;  (IS)  63.5-mm  (2}  in.)  specmien  with 
|-mm  (i  in.)  free  loaded  length;  aUowable  working  stress,  |  tabular  value.  (lS-17)  for  values  in  Iba.  multiply  values  of  metnc 
lei  by  2.2.  , 

iTHsoNiAN  Tables. 
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Tables  76-77. 
ELASTIC  MODULI. 


TABLE  76.— Blgidlty  ICoduluf. 

If  to  the  four  consecutive  faces  of  a  cube  a  tangential  stress  is  applied,  opposite  in  direction  on 
adjacent  sides,  the  modulus  uf  rigidity  is  obtained  by  dividing  the  numerical  value  of  the  tangential 
stress  per  unit  area  (kg.  per  sq.  mm.)  by  the  number  representing  the  change  of  angles  on  the 
non-stressed  faces,  measured  in  radians. 


Substance. 


Aluminum 

*•        cast 

Brass 

"  cast,  60  Cu  +  12  Sn  . 
Bismuth,  slowlv  cooled  .  . 
Bronze,  cast,  88  Cu  -|-  12  Sn . 

Cadmium,  cast 

Copper,  cast 

«< 

Gold.  ..!!!!!'. 

ti 

Iron,  cast 

(( 

i( 

ti 

(( 

u 

Magnesium,  cast      .... 

Nickel 

Phosphor  bronze     .... 


RigTdity 
M(^ulus. 


3350 
2580 

3550 

37»5 
3700 

1240 

4060 

2450 
4780 

4213 
4450 
4664 

2850 

3950 
5210 

6706 

7975 
6940 

8108 

7505 
1710 

7820 
4359 


Refer- 
ence. 


14 

5 
10 

II 

5 
5 
5 
5 


10 

19 
5 

14 
5 

15 

10 

7 
16 

14 

5 

5 
II 


Substance. 


II 


Quartz  fibre 

Silver     ..*.!!!! 

(4 

"      hard-drawn   .    .    . 

Steel 

"    cast    

**    cast,  coarse  gr.    ,    . 

"    silver- 

Tin,  cast 

«i 

Zinc 

(i 

Platinum 

I* 

Glass 

44 

Clay  rock 

Granite 

Marble 

Slate      


Rigidity 
Modulus. 


2888 
2380 
2960 

2650 

2566 
2816 
8290 

7458 
8070 

7872 
1730 

3^ 

3820 
6630 
6220 

2350 
2730 
1770 

1280 
II90 
2290 


Refer- 
ence. 


20 
21 

5 
10 

16 

II 

16 

^5 

5 
II 

5 
19 

5 

19 
16 

22 


23 
23 
23 
23 


References  1-16,  see  Table  48. 

17  Gratz,  Wied.  Ann.  28,  1886. 

18  Savart,  Pogg.  Ann.  16,  1829. 

19  Kiewiet,  Diss.  Goitingen,  1886. 

20  Threlfall,  Philos.  Mag.  (5)  30,  189a 


21  Boys,  Philos.  Mag.  (5)  30,  1890. 

22  Thomson,  Lord  Kelvin. 

23  Gray  and  Milne. 

24  Adams-Coker,  Carnegie  Publ.  No.  46, 

1906. 


TABLE  77.  —  VaxUUon  of  tlM  Blgldlty  Modidu  wltli  tho  Tempentnn. 

ftt  =  fto  (i  —  a/  —  pfi  —  7/*),  where  /  =  temperature  Centigrade. 


Substance. 


Brass 


(i 


Copper 

44 


Iron  .    . 

Platinum 
Silver    . 
Steel      . 


no 


2652 
3200 

3972 
39CO 
8108 
6940 
6632 
2566 
8290 


a  10" 


2158 

455 
2716 

572 

206 

483 

III 

387 
187 


/3io3 


yiO^O 


48 

32 

36 

— 23 

47 

28 

— 

19 

— II 

12 

— 

5? 

—8 

38 

II 

59 

—9 

Authority. 


Pisati,  Nuovo  Cimento,  5,  34,  1879. 
Kohlrausch-Loomis,  Pogg.  Ann.  141. 
47  ]  Pisati,  loc.  cit. 
K  and  L.  loc.  cit. 
Pisati,  loc.  cit. 
K  and  L,  loc.  cit. 
Pisati,  loc.  cit. 


4< 


14 


<« 


41 


4( 


Copper. 
Copper  (com- 

mercial) 
Iron 
Steel 


«,*  =  ;/,5  [i  — o  (/■ —  15)] ;  Horton,  Philos.  Trans.  204  A,  1905. 

4.37* 


^5.80 
^.26 
8.45 


a  =.00039 

.00038 
.00029 
.00026 


Platinum 

6.46* 

Gold 

2.45 

Silver 

2.67 

Aluminum 

2.55 

O  =  .000I2 
.00031 
.00048 
.00148 


«=. 00416 
.00164 
.0058 
.00012 


Smithsonian  Tables. 
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TABLE  78.— Interior  Friction  at  Low  Tompomtnrei. 
C  is  the  damping  coefficient  for  infinitely  small  oscillations;  T,  the  period  of  oscillation  in  sec- 
onds; N,  the  second  modulus  of  elasticity.     Guye  and  Schapper,  C.  R.  150,  p.  9^3,  1910. 


Substance  ..■•...•... 

Cu 

22.5 

•643 

Ni 
22.2 
.411 

Au 

22.3 

.609 

Pd 
22.2 
.553 

Pt 
23.0 
.812 

Ag 

17.2 

.601 

Quartz 

17.3 
.612 

,  Length  of  wire  in  cm , 
Diameter  in  mm. . . . . 

ioo«  C     C 
T 
Nxio-". 
o^^C     C 
T 
NX10-" 
-195"  C     C 
T 
Nxio-" 

!••  •   • 

24.1 
2.381S 

3.3a 
5.88 
2.336s 

3.45 
3^64 
2.274s 

3.64 

1-34 
3-8315 

7-54 
.417 

3 -7545 
7-85^ 
•556 
3.577s 
8.65 

27-5 
3.010S 

■4.82 
2.969s 
2.62 
6.36 
2.902s 

2.74 

1.67 

2.579 
5.08 

1.25 
2.571S 
.5.12 

.744 
2.552s 

5.19 

2.98 
1.143s 

5.77 
4.60 

I . 133s 

3.02 
I. Ills 
6.10 

55.8 
I. 808s 
2.71 

7.19 

I . 759s 

2.87 

1.64 

1.694s 

3.18 

4.69 
1.408s 
2.26 
1.02 

1.425s 
2.20 

TABLE 

79.»»HardneH. 

Agate 

7- 

Brass 

3-4. 

Iridosmium 

7. 

1 
Sulphur 

1.5-2.5 

A  aba&ter 

1.7 

Calimine 

5- 

Iron 

4-5- 

Stibnite 

.    2. 

Alum 

2-2.5 

Calcite 

3. 

Kaolin 

I. 

Serpentine 

•3-4. 

Aluminum 

2. 

'  Copper 

2.5-3. 

Loess  (0**) 

0-3 

Silver 

2.5-3. 
5-5.5 

Amber 

*-2.5 

Corundum 

9- 

;   Magnetite 

6. 

Steel 

Andalusite 

7.5 

Diamond 

10. 

Marble 

3-4. 

Talc 

I. 

Anthracite 

2.2 

Dolomite 

3-S-4. 

Meerschaum 

2-3- 

Tin 

».5 

Antimony 

3-3 

Feldspar 

6. 

Mica 

2.8 

Topaz 

8. 

Apatite 

5- 

Flint 

7. 

1  Opal 

4-6. 

l^ourmaline 

7.3 

Aragonite 

3.5 

,   Fluorite 

4. 

'  Orthoclase 

6. 

Wax  (qO) 

0.2 

Arsenic 

3-5 

'  Galena 

2-5 

1   Palladium 

4.8 

Wood's  metal 

3. 

Asbestos 

5. 

Garnet 

7. 

Phosphorbronze 

4. 

Asphalt 

1-2. 

Glass 

4.5-6.5 

Platinum 

4.3 

Augite 

6. 

Gold 

25-3. 

Plat-iridium 

6.5 

Barite 

ri 

Graphite 

0.5-1. 

Pyrite 

6.3 

Beryl 

.  Gypsum 

1.6-2. 

1  Quartz 

7. 

Bell-metal 

4. 

Hematite 

6. 

Rock-salt 

2. 

Bismuth 

2.5 

Hornblende        ^.^ 

Ross*  metal 

2.5-3.0 

Boric  acid 

3. 

Iridium 

6. 

Silver  chloride 

1-3 

From  Laodolt-B5rnstein-Meyerhoffer  Tables  :  Auerbachs,  Winklemann.  Haudb.  der  Phys.  1891. 


TABLE  8Q. — ^Relative  Hardnett  of  the  Elements. 


c 

10.0 

Ru 

6.S 

1 
Cu 

3-0 

1 

1     Au 

2.5 

,     Sn 

1.8 

li 

a6 

B 

9-5 

Mn 

S-o 

Sb 

30 

Te 

2-3 

Sr 

1.8 

P 

0.5 

Cr 

9.0 

Pd 

4.8 

,     Al 

2.9 

Cd 

2.0 

Ca 

i-S 

i     K 

0.5 

Os 

7.0    ' 

Fe 

4-5 

Ag 

2.7 

S 

2.0 

Ga 

i-S 

Na 

0.4 

Si 

7.0 

Pt 

4.3 

Bi 

2.5 

Se 

2.0 

Pb 

'•5 

Rb 

0.3 

Ir 

6.5 

As 

3-5 

Zn 

2.5 

Mg 

2.0 

In 

1.2 

Cs 

0.2 

Rydberg,  Zeitschr.  Phys  Chem  33,  1900 

TABLE  81. — ^Ratio,  0,  of  Transverse  Contraction  to  Longitudinal  Extension  under  Tensile  Stress. 

(Poisson's  Ratio.) 


Metal 

Pb 

Au 

Pd 

Pt 

Ag 

Cu 
0-3S 

Al 
0.34 

Bi 

Sn 

Ki 

Cd 

Fe 

9 

0.45 

042 

0.39 

0.39 

0.38 

0.33 

,0.33 

0.31 

0.30 

0.28 

From  data  from  Physikaltsch-T?chnischen  Reichsanstalt,  1907. 
p  for:  marbles,  0.27 ;  granites,  0.34 ;  basic-intrusives,  0.36 ;  glass,  0.23.    Adams-Coker,  1906. 

Smitnsonian  Tablcb. 
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Table  82. 
ELASTICITY  OF  CRYSTALS.* 


The  formube  were  deduced  from  experiments  made  on  rectangular  prismatic  bars  cut  from  the  crystal.  These  bars 
were  subjected  to  cross  bending  and  twistinjg  and  the  corresponatng  Elastic  Moduli  deduced.  The  syitiboU 
a_  fi  y,  a|  /3j  Vj  and  a,  /S,  •yu  represent  the  direction  cosines  ot  the  length,  the  greater  and  the  less  transverse 
dimensions  of  the  prism  with  reference  to  the  principal  axis  of  the  crystal.  £  is  the  modulus  for  extension  or 
compression,  and  1  is  the  modulus  for  torsional  rigidity.    The  moduli  are  in  grams  per  square  centimeter. 


Barite. 
loW 

E 


16.130*+  18.51/3'+  io.42y+2(38.79/BV4  15.217V  +8.88a-/B2) 
69.520*+  117.66/3*+  116.467*+  2(20,i6i3V  + 85.297V  +  127.350V) 


T 
Beryl  (Emerald). 

-=p-  =  1 5.00 — 3.67  5  cos*^  —  1 7. 536  cos^  cos^i 


of  the  specimen  make  with  the 
principal  axis  of  the  crystaL 


Fluorspar. 

^  =  13.05  -  6.26  (a*  +  /B»  +  r*) 

^  =  58.04 -  '50.08  {0Y  +  7V  +  a^fi^ 

Pyrite. 

lJ'=5.o8-2.24(a«  +  i8»  +  7*) 

'-^  =  18.60  - 1 7.95  </3  V  +  7V  +  0^0') 

Rock  salt. 

^=33.48 -9-66  (a* +  3* +  7*) 

I^  =  154.58-77.28  (/B  V  +  7V+a2i80 


Sylvine. 
low 

E 

10" 


=  7S.i-48-2(«*  +  i8»  +  7*) 


^  =  306.0  — 192.8  (/B  V  +  y«'  -f  «*i8*) 


Topaz. 

i|-  =  4.341  a*  +  3.460/8*  +  3.77 17*  +  2  (3.879/8V  +  2.8S^'«*  4-  2.39aW) 

i^  =  14.88a*  +  16.54/8*  +  16.457*  +  30.89/8V  4-  40.8972«2  +  43.Si«*/8» 


Quartz. 

ioi> 

E 

lO" 


=  M.734(i  -7^)^*+  16.693(1  —^2)y2  +  9.7057*— 8.460/87 (3a«—W 

=  19.665  +  9.06072^  +  22.9847*71^  —  16.920  [(7/81+  /871)  (3aai  —  $$i)  —  $m)] 


**  These  formula  are  taken  from  Voigt*s  papers  (Wied.  Ann.  vols.  31,  34»  and  35). 
Smithsonian  Tablks. 


Table  83* 
ELASTICITY  OF  CRYSTALS. 


103 


Some  particular  values  of  the  Elastic  Moduli  are  here  given.  Under  £  are  ^ven  moduli  for  extension  or  compression 
in  the  directions  indicated  b^  the  subscripts  and  explained  in  the  notes,  aud  under  T  the  moduli  for  torsional 
rigidities  round  the  axes  similarly  indicated.     Moduli  in  grams  per  sq.  cm. 


(a)  Isometric  System.* 


Substance. 


Flaorspar  . 
Pyrite  .  . 
Rock  salt  . 


•  4 


Sylvine  .    .  • 

u 

m 

Sodium  chlorate 
Potassiam  alum  . 
Chromium  alum 
Iron  alum  .    .    . 


1473  X  io« 
3530  X  ic^- 
419  X  10* 
403X10^ 
401  X  10* 
372  X  10^ 
405  X  loP 
181  X  io« 
161  X  ic^ 
i86Xio» 


1008  Xio« 
2530  Xio« 
349  X  io» 
339  X  10; 
209'X  10* 
196X10* 
319X10* 
199  X  10* 
177  X  10^ 


E. 


910  X  10* 

2310  X  10* 

303  X  10* 


T. 


Authority. 


345x10* 

1075  X  10* 
129  X  ic* 

Voigt.t 

II 
Koch.J 

655  X  10* 

Voigt. 
Kocti. 
Beckenkamp.f 

«« 


II 


(d)    ORTHORHOMBIC    SYSTEM.|i 


Substance. 


'.  Barite 
Topaz 


Ex 


620  X  10* 
2304  X  106 


WO  X  10* 
2890  X  10* 


959X10* 
2652  X  10^ 


376  X  io« 
2670  X  10* 


702  X  10* 
2893  X  10® 


E« 


740  X  10* 
3180  X  io« 


Authority. 


Voigt 


Substance. 


Barite 
Topaz 


T,,-T, 


SI 


283X10* 
1336X10* 


Tl8  =  T; 


81 


293  X  10* 

1353X10* 


T„-T, 


St 


121  X  10* 

1104  X  10* 


Authority. 


Voigt. 
it 


In  the  MoNOCLiNic  System,  Coromilas  (Zeit.  fiir  Kryst.  vol.  i)  gives 

GvDsum  \  ^""  =  887  X  10*  at  21.9®  to  the  principal  axis. 

I  £^.  =  313X10*  at  75.4° 
Mica       i.  E-M^  2213  X  lo*  in  the  principal  axis. 

»  E«iB  =  1554  X  10*  at  45°  to  the  principal  axis. 


In  the  Hexagonal  System,  Voigt  gives  measurements  on  a  beryl  crystal  (emerald). 
The  subscripts  indicate  inclination  in  degrees  of  the  axis  of  stress  to  the  principal  axis  of 
the  crystal. 

£0=2165X10*,    £45=1796X10*,    E90  =  2312  X  io«. 

To  =  667  X  10^,      T90  =  883  X  10*.      The  smallest  cross  dimension  of  the 

prism  experimented  on  (see  Table  82),  was  in  the  principal  axis  for  this  last  case. 


In  the  RhombohedRAL  System,  Voigt  has  measured  quartz.    The  subscripts  have  the 
same  meaning  as  in  the  hexagonal  system. 

£0=1030X10*,    £_44=  1305X10*,    £+46  =  850X10*,     £90=785X10*, 
To  =  508  X  10*,      T90  =  348  X  10*. 
Baumgarten  H  gives  for  calcite 

£0=501X10*,    £_4«  =  44i  Xio*,    £+46  =  772X10*,    E«o  =  79oXio«. 


*  Id  thb  system  the  subscript  a  indicates  that  compression  or  extension  takes  place  along  the  crystalline  axis,  and 
distortion  rouncLthe  axis.  The  subscripts  6  an^i  c  correspond  to  directions  equally  inclined  to  two  and  normal  to  the 
third  and  equally  inclined  to  all  three  axes  respectively. 

r  Voigt,  "  Wied.  Ann."  31,  p.  474,  p.  701, 1887;  34.  P«  98«»  «888f  36,  p.  642,  1888. 

X  Koch,  "  Wied.  Ann."  18,  p.  325,  i88a. 

J  Keckenkamp,  "Zeit.  fiir  Kryst."  vol.  10. 

II  The  subscripts  i,  2,  3  indicate  that  the  three  principal  axes  are  the  axes  of  stress;  4,  5,  6  that  the  axes  of  stress 
are  in  the  three  principal  plane*  at  angles  of  45°  to  the  corresponding  axes. 

IT  Baumgarten,  "  Pogg.  Ann.''  15a,  p.  369,  1879. 

8mitnsonian  Taolcs. 


I04 


Tables  84-86. 
COMPRESSIBILITY  OF  GASES. 


TABLE  S4.— EeUtlTe  Volumos  at  Variotts  Presiurei  and  Tomporatures,  the  volvmei  at  •*  C  and 

at  1  atmoiphere  being  taken  as  1  000  000. 

Atm. 

Oxygen. 

Air. 

Nitrogen. 

Hydrogen*              1 

oP 

99*'.5 

199*^.5 

o" 

99P-4 

200O.4 

oo 

99°.5 

199^.6 

<fi 

99®.3 

aooP.s 

100 

9265 

„, 

^ 

9730 

. 

^ 

9910 

^ 

^ 

« 

2O0 

4570 

7000 

ui 

5950 

7360 

9430 

l^ 

7445 

9532 

5690 

75fe 

9420 

300 

3208 

4843 

3658 

5170 

6622 

S3?' 

6715 

4030 

5286 

6520 

400 

2629 

3830 

4900 

^6^^ 

4170 

5240 

3142. 

4265 

533' 

3207 

4147 

5075 

^ 

2312 

35f4 

4100 

35^5 

4422 

2780 

36S| 

4515 

2713 

3462 

4210 

2115 

2867 

3570 

^^§2 

3180 

3883 

2543 

2980 

3973 

2387 

3006 

3627 

700 

»979 

2610 

3202 

2288 

2904 

350* 

2374 

2149 

2680 

3212 

800 

1879 

2417 

2929 

2168 

2699 

3219 

2240 

2775 

3300 

1972 

2444 

2900 

900 

1800 

2268 

2710 

2070 

2544 

3?°2 

^'42 

2610 

,P8S 

1832 

2244 

2657 

1000 

1735 

2151 

1992 

2415 

2828 

206$ 

1720 

2093 

Amagat:  C.  R.  m,  ?•  871,  1890;  Ann.  chim.  phys.  (6)  99,  i^.  68  ::nd  505,  1893, 


TAfiLX 

86.«»XtliyUne. 

• 

/«r  at  oo  C  and  I  atm.  =  I. 

Atm. 

o«> 

«fi 

aoP 

yfi 

400 

60P 

9tP 

100® 

I3/*.S 

«9«°.5 

^5 

^ 

0.562 

0.684 

_ 

., 

48 

- 

0.508 

— 

- 

- 

- 

• 

• 

• 

— 

SO 
52 

ai76 

0.420 
0.240 

0.629 

0.598 

0.731 

0.814 

0.954 

I-077 

1.192 

1.374 

IJ652 

^ 

— 

0.229 

0.561 

- 

- 

- 

- 

- 

- 

— 

56 

— 

0.227 

0.524 

-  • 

- 

- 

- 

- 

- 

— 

100 

0.310 

0.33'' 

0.360 

0.403 

0.471 

0.668 

0.847 

1.005 

1.247 
I.I78 

1.580 

150 

0441 

0.459 
0.585 

0.827 

0.485 

°-5'5 

0.669 

0.649 

0.776 

0.924 

1.540 

200 

0.806 

0.610 

0.638 

0.744 

0.838 

0.946 

I.I74 

300 

0.852 

0.878 

0.908 

0.972 

1.048 

1.133 
1.578 

2.643 

I.3IO 

500 

1.2  c6 
2.289 

1.280 

1.308  • 

1-337 
2.387 

^'3^7 

1-43' 

1.500 

1.721 

1.985 

1000 

2.321 

2-354 

2422 

2.493 

2.566 

2.798 

Ama^t,  C.  R.  iii,  p.  871,  1890;  116,  p.  946, 1893. 


TABLE  Se.^-BelatiTe  Gas  Yolumei  at  Variooi  Presraret. 

The  following  table,  deduced  by  Mr.  C.  Cochrane,  from  the  Py  curves  of  Amagat  and  other 
observers,  ^ves  the  relative  volumes  occupied  by  various  gases  when  the  pressure  is  reduced  from 
the  value  given  at  the  head  of  the  column  to  i  atmosphere: 


Gas. 
(Temp.«  16'C.). 


'*  Perfect  *' gas 

Hydrogen 

Nitrogen 

Air 

Oxygen 

Oxygen  (at  0°  C.) ...... . 

Carbon  dioxide 


Relative  volume  which  the  gas  will  occupy  when  the  pressure 
is  reduced  to  atmospheric  from 


X  a 


m. 


50  atm. 

50 
48.S 
50.5 
50.9 

52-3 
69.0 


100  atm. 

100 
93.6 

100.6 
101.8 
105.2 
107.9 

477* 


X30  atm. 
120 

III. 3 
120.0 

121. 9 

128.6 

485* 


150  atm. 

136.3 
147.6 

150.3 
161. 9 

498* 


aoo  atm. 

200 

176.4 

190.8 

194.8 

212.6 

218.8 

515* 


*  Carbon  dioxide  is  liquid  at  pressures  greater  than  90  atmospheres. 
Smithsonian  Tablcs. 


Tables  87-89. 

COMPRESSIBILITY  OF  GASES. 

TABLE  87. — Carbon  Biozite. 


105 


Pressure  in 
metres  of 
mercury. 


30 

IS 

110 
140 
170 
200 
230 
260 
290 
320 


l8<».3 

35«.« 

liquid 

2360 

— 

1725 

625 

750 

825 

930 

1020 

1 1 20 

1210 

I310 

1405 
1590 

1500 
1090 

1770 

1870 

1950 

2060 

2»35 

2240 

Relative  values  of  /v  at  — 


4o0.a 


2460 
I( 


980 

II75 
1360 

1550 

1730 
1920 

2100 

2280 


50O.0 


6oO< 


2590 

2145 
1200 

1090 

1250 

1430 
161 5 

1800 

1985 

2170 

2360 


2730 

2330 
1650 

1275 
1360 

1520 

1705 

1890 

2070 

2260 

2440 


70^.0 


2870 
2525 

1975 
1550 

1525 

1645 

1810 

1990 

2166 

2340 
2525 


800.0 

9o°.o 

2905 

3120 

2S5 

2845 

2225 

2440 

1845 

2105 

'7*5 

1950 

1780 

>975 

1930 

2075 

2090 

2210 

2265 

2375 

2440 

2550 

2620 

2725 

100°  .0 


3225 

2980 

2635 
2325 

2160 

2J35 
2215 

2340 

2490 

2655 

2830 


Atm 


SO 
100 

150 

300 

500 

1000 


Relative  values  oifvifv  at  o^  C.  and  i  atm.  ^  i. 


oP 


0.105 

a  202 

0.295 

0.559 
0.891 

1.656 


loP 


0.1 14 
0.213 

o.3( 
o. 
0.913 
1.685 


>.30g 
>.578 


ao" 


30^ 


0.680 
0.229 
0.326 

0.599 
0.938 

I.716 


0.775 
0.25s 
0.346 

0.623 
0.963 

i.74« 


40° 

600 

800 

lOO® 

137^ 

198° 

0.750 

0.984 

1.096 

1.206 

1.380 

_ 

0.309 

0.661 

°-?Z3 

'•S32 

1.259 

1.582 

0.377 

0.649 

0.485 

0.681 

a878 

1. 159 

1530 

0.710 

0.790 

0.890 

1. 108 

1-493 
1.678 

0.990 

*-254 

1. 124 

1. 201 

1.362 

1.780 

1.848 

1. 92 1 

1-999 

"• 

"" 

2580 


1.847 
1.818 

1.820 


Amagat,  C.  R.  in,  p.  871,  1890;  Ann.  cbim.  phys.  (5)  aa,  p.  353,  1881;  (6)  29,  pp.  68  and  405,  1893. 


TABLE  88.— OomprsMlliilltyof  ChUNS. 


Gas. 

i 
p.v.  {\  atm.) 

I     rf(/.».) 

, 

1 

a 

1 

Density. 
1   0  =  32.o°C 
P  =r  76« 

Density. 

Very  small 

pressure. 

/Mer«(i  atm.). 

p.v.       dp 

I          :=  a. 

1 

t 

t  =  o 

0, 

1.00038 

—  .ooorj6 

11.2° 

—  .00094 

32- 

32. 

Ha 

0.99974 

.+  .00052 

10.7 

-h  .00053 

2.015  (J6°) 

2.0173 

N2 

1. 0001 5 

'   — .00030 

14.9 

—  .00056 

—  .00081 

28.005 

28.016 

CO 

1.00026 

1   — .00052 

13.8 

28.000 

28.003 

CO2 

1.00279 

-  .00558 

15.0 

—  .00668 

44.268 

44.014 

N2O 

1.00327 

—  .00654 

II.O 

—  .00747 

44.285 

43996 

Air 

1.00026 

—  .00046 

1 1.4 

— 

- 

- 

NHg 

1.00632 

1 

" 

" 

" 

Rayleigh,  Zeitschr.  Phys.  Chem.  52,  p.  705,  1905. 


TABLE  89.  —  OomprtiaiUlity  of  Air  and  Ozygoi  botwton  18°  and  22°  0. 

Pressures  in  metres  uf  mercury,  pv,  relative. 


Air 
0, 

pv 
pv 

24.07 
26968 

34.90 
26908 

45.24 
26791 

im 

64.00 
26778 

72.16 
26792 

84.22 
26S40 

101.47 
27041 

214-54 
129585 

304.04 
32488 

24.07 

26843 

34;89 
26614 

- 

26185 

64.07 
26050 

72.15 
25858 

84.19 

25745 

101.06 
25639 

26536 

« 

• 

Amaga 

t,  C.  R.  I 

879. 
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jq5  Tables  90-91. 

RELATION   BETWEEN   PRESSURE,  TEMPERATURE   AND 
VOLUME  OF  SULPHUR  DIOXIDE  AND  AMMONIA.* 

TABLB   90.-8ii]v]iiirINasUto. 

Original  volume  xoocxso  under  one  atmosphere  of  pressure  and  the  temperature  of  the  ezpcii- 

meqts  as  indicated  at  the  top  of  the  different  columns. 


Pressure  in 
Atmos. 

Corresponding  Volume  for  Ex- 
periments at  Temperature  — 

Volume. 

Pressure  in  Atmospheres  for 
Experiments  at  Temperature  — 

580.0 

99^.6 

183^.2 

580.0 

99°-6 

iSjO.a 

lO 
12 

14 
16 
18 
20 
24 
28 

36 
40 

70 
80 

90 
100 
120 
140 
160 

8560 
6360 
4040 

9440 
7800 
6420 
5310 

4405 
4030 

3345 
2780 

2305 

1935 
1450 

3180 
2640 
2260 
2040 
1640 

1375 
1 130 

930 

545 
430 
325 

lOOOO 
9000 
8000 
7000 
6000 
5000 
4000 
3500 
3000 
2500 
2000 
1500 
1000 

500 

9.60 
10.40 
11.5s 
12.30 

I315 
14.00 

14.40 

9.60 

10.35 
11.85 

1305 
14.70 

16.70 

20.15 

23.00 

26.40 

30.15 

35-20 
39.60 

29.10 

33-25 

40.95 
55.20 

76.00 

117.20 

TABImB  01*  —  ^— iMfwita, 

Original  volume  looooo  under  one  atmosphere  of  pressure  and  the  temperature  of  the  experiments  as 

indicated  at  the  top  of  the  different  columns. 


Pressure  in 
Atmos. 

Corresponding  Volume  for  Ex. 
periments  at  Temperature  — 

Vdume. 

Pressure  in  Atmospheres  for  Experiments 
at  Temperature  — 

46°.6 

gg\6 

i83°.6 

3o0.a 

46°.6             99°.6 

j83^.o 

10 
12.5 

15 
20 

25 
30 

35 
40 

45 
50 

90 
100 

9500 

7635 
6305 

4045 
3560 

2875 
2440 

2080 

1795 
1490 
1250 

975 

4875 
3835 

2680 

2345 

2035 

1775 
1590 

1450 
1245 

II25 

J035 
950 

lOOOO 

9000 

8000 

7000 
6000 
5000 
4000 

3500 

3000 
2500 
2000 
1500 

1000 

8.85 
9.60 
10.40 
11.05 
11.80 
12.00 

• 

9.50 

10.45 
11.50 

13.00 

M-75 
16.60 

18.35 
18.30 

12.00 
13.60 

15-55 
18.60 

22.70 

25.40 

29.20 

34.25 
41-45 
49-70 
59.65 

19.50 
24.00 
27.20 
31-50 

37-35 

45-50 
58.00 

93-60 

*  From  the  experiments  of  Roth|  "  Wied.  Ann."  vol.  ix,  i88a 
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At  the  constant  temperature  /,  the  compressibility  /3  «  {i/Vo)(dV/dP),  In  general  as  P  in- 
creases, p  decreases  rapidly  at  first  and  then  slowly;  the  change  of  p  with  /  is  large  at  low  pressures 
but  very  small  at  pressures  above  1000  to  2000  megabars.  i  megabar  -  0.987  atmosphere  -  10^ 
dyne/cm*. 


SubsUnce. 


Acetone 

i< 

K 
tl 

Amy!  alcohol 

"  ISO... 

"  ISO... 

(4  tl 

U  tl 

u  u 

«  u 

Benzole 

tl 

tl 

Bromine 

tl 

Butyl  alcohol,  iso.. 

"     •     ISO.. 
"  ISO.. 

"  ISO.. 

ISO.. 

ISO.. 

Carbon  bisulphide.. 
tl  tt 

It  tt 

m  • 

Carb.  tetrachloride. 

CI  (( 

Chloroform 

It 

Dichlorethylsulfide . 

■ 

Ethyl  acetate 

(I  It 

It         tt 

Ethyl  alcohol..... . 

It         tt 

It         It 

It         It 

Ethyl  bromide 

It  it 

It  tt 

tt  tt 

It  tt 

Ethyl  chloride 

(C  tt 

tt  tt 

tt  tt 

Ethyl  ether. ..!.! . 
tt        tt 


u 

e 

s 


14 
20 

20 

40 

14 
20 

20 

20 

20 

20 

40 

17 
20 

20 

20 

20 

18 

20 

20 

20 

20 

20 

16 

20 

20 

20 

20 

20 

20 

20 

32 
32 

13 
20 

20 

14 
20 

20 

20 

20 

20 

20 

20 

20 

15 
20 

20 

20 

25 
20 


23 
500 

1,000 

12,000 

23 
200 

400 

Soo 

r,ooo 

12,000 

12,000 

5 
200 

400 

200 

400 

8 

200 

400 

500 
1,000 

12,000 

2r 

500 

r,ooo 

12,000 

200 

400 

200 

400 

1,000 

2,000 

23 
300 

400 

23 

500 

1,000 

12,000 

200 

400 

500 

1,000 

12,000 

23 

soo 

r,ooo 

12,000 

23 
soo 


u 


III 


III 
61 
52 

9 
88 

84 
70 
61 
46 
8 
8 
89 

77 
67 
56 

51 
97 
81 

64 
56 
46 
8 
86 

57 
48 

6 

86 

73 
83 
70 

34 

24 
103 

90 

75 
100 

63 
54 
8 
100 
82 
70 

54 
8 

151 
102 

66 

8 

188 

84 


S 


9 

I 

I 

I 
10 
16 
16 

I 

I 
1 
I 

2,3 
16 

16 

16 

16 

2 

16 
16 

I 

I 

I 
10 

I 

I 

I 
16 
16 
16 
16 

5 

5 
10 

16 

16 

10 

I 

I 

I 

16 
16 

I 

I 

I 
10 

I 

I 

I 
10 

I 


Substance. 


Ethyl  ether,  ct*d... 

it  tt  tt 

Ethyl  iodide.....!! 
tt        tt 

tt        tt 

It        ft 
It        tt 

Gallium 

Glycerine 

Hexane 

II 

Kerosene , . 

It 

tt 

tl 

Mercury 

CI 

<l 

CI 

Methyl  alcohol. . . . 
II  tt 

•  • .  • 
II  II 

.  *  •  • 
II  II 

■  •    •   • 

11  II 

•  .  a  . 
II  II 

.     •     .      • 

Nitric  add 

Oils:  Almond 

Castor 

Linseed 

OUve 

Rape-seed 

Phosph.  trichloride. 
it  tt 

tt  It 

It  It 

u 

Propyl  alcohol,  n. . . 
n.. . 

"      (n?) 
"       (n?). 
"       (n?). 

Toluene 

If 

Turpentine 

Water 

tt 

tt 

tt 

tt 

tt     '   ' 

It 

Xylene,  meta 

CI       tt 


U 

e 


20 

20 

20 

20 

20 

20 

20 

30 

15 
20 

20 

20 

20 

20 

20 

20 

22 

22 

22 

15 
20 

20 

20 

20 

20 

O 

15 
15 

IS 

15 
20 

10 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

40 

40 

40 

20 

20 


I! 


1,000 

12,000 

200 

400 

SOO 

1,000 

12,000 

300 

5 
■  200 

400 

soo 

1,000 

12,000 

12,000 

300 

soo 

1,000 

12,000 

23 
200 

400 

soo 

1,000 

12,000 

17 

5 

5 

5 

__S 

250 

500 

1,000 

12,000 

200 

400 

soo 

1,000 

12,000 
200 
400 

13 
200 

400 
500 
soo 
1000 
12,000 
200 
400 


61 
10 
81 
69 
64 
50 
8 

3.97 
22 

117 

91 

55 

45 
8 

8 

3. 95 

3.97 

3-91 

2.37 
103 

95 
80 

65 

54 

8 

32 

S3 
46 

SI 
55 
59 
71 
63 
47 
8 

77 
67 
65 
47 
7 
74 
64 

74 

49 

43 

41 

39 

38 

33 

9 
69 

60 


(4 


I 

I 
16 
16 

I 

I 

I 

6 

12 

16 

16 

I 

I 

I 

13 

7 
8 

8 

8 

10 

16 

16 

X 
X 

I 

14 
12 

12 

12 

12 

15 
II 

I 

1 

I 

16 

16 

1 

I 

I 

16 

16 

15 
II 

16 

16 

4 

4 

4 

4 
16 

16 


For  references,  see  page  108. 
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Table  9S. 


COMPRESSIBILITY  QF  SOLIDS. 


If  V  is  the  volume  of  the  material  under  a  pressure  P  megabars  and  Vis  is  the  volume  at  atmospheric  pressure,  thai 
the  compressibility  0  ^  —  (i/Ko)  {dV/dP).  Its  unit  is  cmVmegadynes  (reciprocal  megabars).  ic^/fi  is  the  bulk  mods- 
lus  in  absolute  units  (dynes/cm>).  The  following  values  of  fi,  arranged  in  order  of  increasing  compressibility,  are  for 
p  s  o  and  room  temperature,    i  megabar  —  zo*  dynes  — .iioij-  kg/cm*  •■  0.987  atmosphere. 

AOZO 


Substance. 


Tungsten 

Boron 

Silicon 

Platinum 

Nickd 

Molybdenum. . . . 

Tantalum 

Palladium 

Iron 

Gold 

Pyrite 

Copper 

Manganese 

Brass 

Chromium 

Silver 

Mg.  silicate,  crys. 

Aluminum 

Caldte 

Zinc 

Tin., 

Gallium 

Cadmium 


Compres- 
sion per 
unit  vol. 
per  mega- 
bar Xio* 


0.27 

0,3 
0.32 


38 
43 
46 
S3 
54 
0.60 
0.60 
0.7 
75 
84 
89 
9 
99 
03 
1.33 
1.39 
1.74 
Z.89 
2.09 
2.17 


o 
o 
o 
o 
o 


Bulk 

modulus. 

d3aics/cm« 

Xio" 


3.7 
3.0 

31 
2.6 
2.3 
2.2 
1.9 

1.9 

1.67 

1.67 

1.4 

1.33 

Z.Z9 

Z.Z2 
Z.I2 
Z.OI 

0.97 
0.75 

0.73 
O.S7 
O.S3 
0.48 
0.46 


Reference. 


3 
2 

2 
2 
a 

2 
2 

2 

3 
I,  a 

4 

I 
2 
z 
z 

4 
1-3 

z 
z 
z 
5 
1,2 


Substance. 


Plate  glass 

Lead 

Thallium 

Antimony 

Quartz 

Magnesium 

Bismuth 

Graphite 

Silica  glass 

Sodium  chloride.. 

Arsenic 

Calcium 

Potassium  chloride 

Lithium 

Phosphorus  (red).. 

Selenium 

Sulphur 

Iodine 

Sodium 

Phosphorus  (white) 

Potassium 

Rubidium 

Calcium 


Compres- 
sion per 
unit  vol. 
per  mega- 
bar Kzo» 


2.23 

3.27 

2-3 

2.4 

2.7 

2.9 
3.0 
3.0 
3.1 

4.Z2 

4.5 

57 
7.4 
9.0 
9.2 

Z2.0 


Z2. 
13. 
15 
20. 

31. 
40.0 

6z.o 


9 

.0 

.6 

5 

7 


Bulk 

modulus. 

dynes/cm* 

Xzo" 


Reference. 


o 
o 
o 
o 


0.4s 
0.44 

0.43 
0.43 

37 
34 
33 
33 
0.32 
0.24 

0.32 

O.Z7S 
O.Z3S 
o.zzz 
0.Z09 
0.083 
0.078 
0.077 
0.064 
0.049 
0.032 
o.oas 
0.0x0 


4 
1,2 

2 
3 
z 

2 
Z 
2 
Z 
Z 

a 

2 

6 

3 
3 
2 
3 
3 
3 
3 
3 
3 
3 


Note.  —  Wmklemann,  Schott,  and  Straulel  (Wied  Ann.  6z,  63,  Z897,  68,  Z899)  give  the  following  coeffi- 
cients (among  others)  for  various  Jena  glasses  in  terms  of  the  volume  decrease  divided  by  the  increase  of 
pressure  expressed  in  kilograms  per  square  millimeter: 


No. 


66s 

1299 

z6 

378 


Glass. 


Baiytborosilicat 

Natronkalkzinksilicat 


Compres- 
sibility. 


7S20 
5S00 
4S30 
3790 


No. 


2IS4 

S208 

500 

SZ96 


Glass. 


Kalibleisilicat 

Heaviest  BletsHicat 

Very  Heavy  Bleisilicait 

Tonerdborat  with  sodium,  buyte 


Conipres- 
sibiuty. 


3^56o 
35  SO 
35 10 
3470 


The  following  values  in  cm'Ag  of  zo*  X  Compressibility  are  given  for  the  corresponding  temperatures  by 
Grfineisen,  Ann.  der  Phys.  sSt  P>  65,  Z9zo. 


Al  —  X9Z*,  Z.32;  Z7*,  z-46;  Z3s',  Z.70. 
Cu— Z91",  0.72;  Z7%  0.77;  165',  0.83. 
Pt — z89*,  0.37;  Z7°,  0.39;  x64",o.40. 


Fe  —  Z90*,  0.61;  z8%  0.63;  z6s*,  0.67. 
Ag  —  Z9i",  0.71;  x6*  0.76;  z66*,  0.86. 
Pb  — Z9z',  (2.5);  Z4*,  (3.2). 


References  to  Table  92,  p.  X07: 


(x)  Bridgman,  Pr.  Am.  Acad.  49,  z,  19x3; 

(2)  Roentgen.  Aim.  Phys.  44,  j,  i8ox; 

(3)  Pagliani-Palazzo,  Mem.  Acad.  Lin.  3,  x8,  Z883; 

(4)  Bndgman,  Pr.  Am.  Acad.  48,  ^l,  1912; 

(5)  Adams,  WUUainson,  J.  Wash.  Acad.  Sc.  9,  Jan.  19, 

19x9: 

(6)  Richards,  Boyer,  Pr.  Nat.  Acad.  Sc.  4,  389,  Z918; 

(7)  Richards,  J.  Am.  Ch.  Soc'37,  X646,  19x5; 

(8)  Bridgman,  Pr.  Am.  Acad.  47, 381,  Z9xx; 


(9)  Amagat,  C.  R.  73,  I43, 1872; 

(10)  Amagat,  C.  R.  68,  ZX70,  Z869; 

(11)  Amasat,  Ann.  chim.  phys.  39,  68,  505,  Z893; 

(12)  de  Metz,  Aim.  Phys.  ax,  663,  z8oo; 

(13)  Adams,  Williamson,  Johnston,  J.  Am.  Chem.  Soc 

4X,  27,  X9X9; 

(14)  CoUadon,  Sturm.  Ann.  Phys.  X2,  39,  X828; 

(15)  Quincke,  Ann.  Phys.  19,  40Z,  Z883; 

(16)  Richards  et  al.  J.  Am.  Ch.  Soc  34, 988,  Z9X2. 


References  to  Table  93,  p.  zo8: 
(i)  Adams,  Williamson,  Johnston,  J.  Am.  Ch.  Soc.  41,  39, 
2)  Richards,  ibid.  37.  1646,  19x5; 


{ 


10x9; 

ichards,  itna.  37,  1 
3)  Bridgman,  Pr.  Am.  Acad.  44,  279, 1909;  47, 366, 19x1 ; 


(4)  Adams,  Williamson,  unpublished; 

(s)  Richards,  Boyer,  Pr.  Nat.  Acad.  Sc  4,  388,  Z9z8; 

(6)  Voigt,  Ann.  Phys.  31,  ZR87;  36, 1888. 
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SPECIFIC  GRAVITIES  CORRESPONDING  TO  THE  BAUM£  SCALE. 
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The  specific  gravities  are  for  I5.56°C  (6o°F)  referred  to  water  at  the  same  temperature  as  unity. 
For  specific  gravities  less  than  unity  the  values  are  calculated  from  the  formula  : 


Degrees  Baum^  = 


140 


For  specific  gravities  greater  than  unity  from; 

Degrees  Bnume  =  145  — 


Specific  Gravity 
MS 


—130. 


Specific  Gravity 


Specific  Gravities  less  than  i. 


Specific 
Gravity. 


a6o 

.70 
.80 

•90 

1. 00 


0.00 


Q.OI 


0.0a 


0.03 


0.04 


0.05 


0.06 


0.07 


0.08 


Degrees  Baum^ 


103-33 
70.00 

45.00 

25.56 

10.00 


0.09 


99.5« 

95.81 

92.22 

88.75 

'^ 

82.12 

78.95 

75.88 

67.18 

64.44 

61.78 

59-J9 

54.21 

51.82 

49-49 

42.84 

40.73 

38.68 

36.67 

34.71 

32.79 

30.92 

29.09 

23-85 

22.17 

20.54 

18.94 

^7-37 

15-83 

14.33 

12.86 

72.90 

47.22 
27.30 

II.4I 


Specific  Gravities  greater  than  i. 


Specific 
Gravity. 


1. 00 
1. 10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 


0.00 


O.OZ 

0.03 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

Degrees  Baum^. 


0.00 

1.44 

2.84 

4.22 

17.81 

6.91 

8.21 

9.49 

10.74 

13.18 

14.37 

15.54 

16,68 

18.91 

20.00 

21.07 

22.12 

24.17 

25.16 

26.15 

27.11 

28.06 

29.00 

29.92 

3083 

3«.72 

3346 

34.31 

35-i5 

35.98 

36.79 

37.59 

38.38 
45.68 

39.16 

39-93 

4i-43 

42.16 

42.89 

43-60 

44.31 

45.00 

46.36 
52.64 

•  47.03 

48.33 

48.97 

49.60 

50.23 

50.84 

5'-45 

52.05 

53-23 

54.38 
59-71 
64.44 

5494 
60.20 

55-49 
60.70 

56:04 
61.18 

56.58 
61.67 

57.12 
62.14 

57.65 
62.61 

63*08 

58.69 
63-54 

64.89 

65-33 

65.76 

66.20 

66.62 

aoQ 


11.97 

23.15 
32.60 

40.68 

47.68 

53.80 

59.20 

6399 
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no    '  Table  95« 

DENSITY   IN  QRAM8   PER  CUBIC  CENTIMETER  OF  THE  ELEMENTS, 

LIQUID  OR  SOLID. 

N.  B.     The  density  of  a  specimen  may  depend  considerably  on  its  state  and  previous  treatment. 


Element. 

Physical  State. 

Grams  per 
cu.  cm.* 

Tempera- 
ture Oct 

Authority. 

Aluminum 

commercial  h'd  d*n 

2.70 

20° 

Wolf,  Dellinger,  1910 

(( 

wrought 

2.65-2A) 

Antimony 

vacuo-distilled 

6.618 

20 

Kahlbaum,  1002.                \ 

«< 

ditto-compressed 

6.691 

20 

i4            ■' 

t< 

amorphous 
liquid 

6.22 

H(5rard. 

Argon 

'•3845 

-183 

Baly-Donnan.                      ! 

»4 

(( 

14233 

—  189 

u               « 

Arsenic 

cr3rstallized 

5-73 

14 

■ 

tt  ■ 

amorph.  br.-black 

370 

Geuther.                              ' 

(t 

yellow 

388 

Linck. 

Barium 

378 

Guntz.                                  ! 

Bismuth 

solid 

9.70-9.90 

. 

1 

« 

electrolytic 
vacuo-distilled 

9747 

Classen,  1890. 

4{ 

9.781 

20 

Kahlbaum,.  1902. 

« 

liquid 

10.00 

271 

Vincentini-Omodci. 

«t 

solid 

9.67 

271 

It                 a                        ! 

i 

Boron 

crystal 

2-535 

Wi^and. 

«< 

amorph.  pure 
liquid 

2.45 

Moissan. 

Bromine 

3.12 

Richards-Stull. 

Cadmium 

cast 

■  |^-«.S7 

1 

M 

wrought 

« 

vacuo-distilled 

8.648 

20 

Kahlbaum,  1902. 

U 

solid 

8.37 

3'8 

Vincentini-Omodei. 

tt 

liquid 

1*873 

318 

tt             tt 

Caesium 

20 

Richards-Brink. 

Calcium 

1-54 

Brink. 

Carbon 

diamond 

3-52 

Wigand. 

it 

graphite 

2.25 

tt 

Cerium 

electrolytic 

679 

Muthmann-Weiss. 

It 

pure 

7.02 

t<              «< 

Chlorine 

liquid 

1.507 

^33-6 

Drugman-Ramsay. 

^      Chromium 

6.52-6.73 

- 

1 

pure 

6.92 

20 

Moissan. 

Cobalt 

8.71 

21 

Tilden,  Ch.  C.  1898. 

Columbium 

8.4 

15 

Muthmann-Weiss. 

Copper 

cast 

8.30-8.95 

annealed 

8.89 

20 

Dellinger,  191 1 

« 

wrought 

8.85-8.95 

a 

hard  drawn 

8.89 

20 

tt           tt 

tt 

vacuo-distilled 

8.9326 

20 

Kahlbaum,  1902. 

tt 

ditto-compressed 

8.9376 

20 

«              (( 

u 

liquid 

8.217 

Roberts-  W  righ  tson. 

Erbium 

477 

St.  Meyer,  Z.  Ph.  Ch.  37. 

Fluorine 

liquid 

1. 14 

—  200 

Moissan-Dewar. 

Gallium 

5.93 

23 

de  Boisbaudran. 

Germanium 

5.46 

20 

Winkler. 

Glucinum 

1.85 

Humpidge. 

Gold 

cast 

19.3 

1 

u 

wrought 

M 

tt 

vacuo-distilled 

20 

Kahlbaum,  1902. 

tt 

ditto-compressed 

19.27 

20 

«( 

Helium 

liquid 

0.15 

—  269 

Onnes,  1908. 

Hydrogen 

liquid 

0.070 

—  252 

Dewar,  Ch.  News,  1904. 

Indium 

7.2« 

Richards. 

0 

*To  reduce  to  pounds  per  Cti.  ft.  multiply  by  62.4. 

t  Where  the  temperature  is  not  given,  onlinary  atmospheric  temperature  is  understood. 

Compiled  from  Clarke's  Constants  of  Nature,  Lando]t-B5nistein-Meyerhoffer*s Tables,  and  other  loarcea.  Where 
no  authority  is  stated,  the  values  are  mostly  means  from  various  sources. 
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Table  06  (c^mtmuMi). 


Ill 


DEN8ITY  IN  QRAM8  PER  CUBIC  CENTIMETER  OF  THE  ELEMENTS, 

LIQUID  OR  SOLID. 


Element. 

Pbyiiical  Sute 

Grams  per 
cu.  cm.* 

Tempen- 
tureOCt 

• 
• 

Authority. 

Iridium 

22.42 

17 

Deville-Debray 
Richards-Stull 

Iodine 

4.040 
7.85-7.88 

20 

Iron 

pure 

a 

gray  cast 

703-7-I3 
7-58-7.73 

M 

white  cast 

M 

wroueht 
liquid 

7.80-7.90 

1' 

688 

Roberts-Austen 

U 

steel 

7.60-7.80 

Krypton 

liquid 

2.16 

—146 

Ramsay-Travers 

Lanthanum 

6.15 

Muthmann-  Weiss 

T^ad 

vacuo-distitled 

11.342 

20 

Kahlbaum,  1902 

M 

ditto-compressed 

"•347 

20 

((             •« 

M 

solid 

11.005 

325 

Vlnceutini-Omodei 

M 

liquid 

10.645 

325 

(t              (( 

«( 

« 

10.597 

400<> 

Day,  Sosman,  Hostetter, 

M 

it 

10.078 

850*' 

1914 

Lithium 

0-534 

20 

Richards-Brink,  '07 

Magnesium 

1. 741 

Voigt 

Manganese 

7.42 

Prelin^r 

Mercury 

liquid 

13596 

0 

Regnault,  Volkmann 

1          ** 

<« 

M 

13-546 
13.690 

20 

-38.8 

Vincentini-Omodei 

(1 

solid 

14- 193 

—38.8 
— 1J8 

MaUet 

«( 

t« 

14-383 

Dewar,  1902 

Molybdenum 

9.01 

Moissan 

Neodymium 

6.96 

Muthmann-  Weiss 

Nickel 

8.60-8.90 

Nitrogen  • 

liquid 

0.810 

—195 

Baly-Donnan,  1902 

i< 

« 

0.854 

— 205 

*i         «           (f 

Osmium 

22.5 

Deville-Debray 

Oxygen 
Palladium 

liquid 

1. 14 

—184 

12.16 

Richards-Stull 

Phosphorus 

white 

1.83 

• 

«< 

red 

2.20 

•• 

metallic 

2.34 

15 

Hittorf 

Platinum 

21.37 

20 

Richards-Stult 

Potassium 

0.870 

20 

Richards-Brink,  '07 

u 

solid 

0.851 

62.1 

Vincentini-Omodei 

4( 

liquid 

0.830 

62.1 

-      M                           U 

Praesodymium 

6.475 

Muthmann-Weiss 

Rhodium 

12.44 

« 

Holborn  Henning 

Rubidium 

1-532 
12.06 

20 

Richards-Brink,  '07 

Ruthenium 

0 

Toby 
Muthmann-Weiss 

Samarium 

7.7-7.8 

Selenium 

4.3-48 

Silicon       . 

cryst 

•  2.42 

20 

Richards-Stull.Brink 

u 

amorph. 

2.35 

15 

Vigoroux 

Silver 

cast 

10.42-10.53 

« 

wrought 

10.6 

a 

vacuo-dis  tilled 

10.492 

20 

Kahlbaum,  1902 

i< 

ditto-compressed 

10.503 

20 

«i                             M                 . 

« 

liquid 

9.51 

Wrightson 

Sodium 

0.9712 

20 

Richards-Brink,  *07 
Vincentini-Omodei 

«( 

solid 

0.9519 

97.6 

(4 

liquid 

0.9287 

07.6 

(1                       u 

M 

1.0066 

-—loo 

Dewar 

Strontium 

2.50-2.58 

Matthiessen 

Sulphur 

2.0-2.1 

• 

a 

liquid 

1.811 

"3 

Vincentini-Omodei 

*To  reduce  to  pounds  per  cubic  ft.  multiply  by  63.4. 

t  Where  the  temperature  is  not  pven,  ordinary  atmosphere  temperature  is  understood. 
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112    Tables  95  (^'^^««*^<0  and  96.    DENSITY  OF  VARIOUS  SUBSTANCES. 


TABLE  96  {coniiHued).  —  DtDslty  In  gxitiitt  ptr  onUc  otntimtttr  a&d  pouids  par  osUo  foot  ol  tkt 

Itavid  or  Mlid.  ' 


Element. 

• 

Physical  State. 

Grams  per 
cu.  cm. 

Tempera- 
ture oc. 

Authority. 

Tantalum 

1 6.6 

Tellurium 

crystallized 

6.25 

t( 

amorphous 

6.02 

20 

Beljankin. 

Thallium 

11.86 

Richards-StuU. 

Thorium 

12.16 

17 

Bolton. 

Tin 

white,  cast 

7.29 

Maithiessen. 

(• 

*•      wrought 

7-30 

M 

"      crystallized 

6.97-7.18 

<« 

'•     solid 

7.184 

226 

Vincentini-Omodei 

t< 

liquid 

6.09 

226 

See  Table  65 

« 

gray 

5.3 

Titanium 

45 

18 

Mixter. 

Tungsten 

18.6-19.1 

Uranium 

18.7 

'3 

Zimmermann. 

Vanadium 

5-69 

Ruff- Martin. 

Xenon 

liquid 

3.52 
3.80 

109 

Ramsay-Travers. 

Yttrium 

St.  Meyer. 

Zinc 

cast 

7.04-7.16 

«<                         * 

wrought 

7.19 

u 

vacuo-distilled 

6.92 

20 

Kahlbaum,  1902. 

fi 

di  tto-compressed 

7.13 

20 

«             tt 

« 

liquid 

6.48 

Roberts- Wrightson. 

Zirconium 

6.44 

• 

TABLE  96.  —  Dtnslty  In  gram  por  onblo  oentlmetor  and  In  pounds  per  onUo  foot  of  dlfforont  Unds  of  wood. 

The  wood  is  supposed  to  be  seasoned  and  of  average  dryness. 


Grams 

Pounds 

Grams       '  Pounds   | 

Wood. 

per  cubic 

per  cubic 

Wood. 

per  cubic 

per  cubic 

centimeter. 

foot. 

centimeter. 

foot. 

Alder 

0.42-0.68 

1 
26-42 

Hazel 

0.60-0.80 

i 
37-49  , 

Apple 

O.66HD.84 

41-52  ; 

Hickory 

0.60-0.93 

37-58 

Ash 

0.65-0.85 

40-53  ' 

Holly 

0.76 

47 

Bamboo 

0.31-0.40 

19-25 

'  Iron-bark 

1.03 
0.50 

64 

Basswood.    See  Linden. 

1 

1  Juniper 

35 

Beech 

0.70-0.90 

43-56  ' 

,  Laburnum 

0.92 

57 

Blue  gum 

1. 00 

62 

Lancewood 

O.68-I.00 

42-62 

Birch 

0.51-0.77 

32-48 

Lignum  vitae 

I -1 7-1-33 

73-83 

Box 

0.95-1. 1 6 

59-72  1 

'  Linden  or  Lime-tree 

0.32-0.59 

20-37  1 

Bullet-tree 

1.05 

65 

Locust 

0.07-0.71 

42-44  ' 

Butternut 

0.38 

24 

'  Logwood 

•91.        ^ 

57 

Cedar 

0.49-0.57 

30-35 

1  Mahogany,  Honduras 

0.66 

41 

Cherry 

0.70-0.90 

43-56 

1            "          Spanish 

0.85 

S3 

Cork 

0.22-0.26 

14-16 

Maple 

0.62-0.75 

39-47 

Dogwood 

0.76 

47 

,  Oak 

0.60-0.90 

37-56  , 

Ebony 

I-II-I.33 

6c^83  ' 

Pear-tree 

0.61-0.7'; 
o.66-o.7i 

38-451 

Elm 

0.54-0.60 

34-37  1 

'  Plum-tree 

41-49 

Fir  or  Pine,  American 

Poplar 

0-35-0-5 

22-31 

White 

o-3S-<3-5o 

22-31  1 

'  Satinwood 

0.9s 

59 

**          Larch 

0.^0-0.56 

31-35  1 

,  Sycamore 

0.40-0.60 

24-37 

•«          Pitch 

0.53-0.85 

52-53 

Teak,  Indian 

0.66-0.88 

41-55 

«          Red 

0.48-0.70 

30-44  ' 

'       **      African 

0.98 

61 

**          Scotch 
"          Spruce 

0-43-0-53 
0.48-0.70 

27-33  ! 
30-44 

1  Walnut 
1  Water  gum 

0.64-0.70 
1.00 

40-43 
62 

*«          Yellow 

0.37-0.60 

23-37 

1  Willow 

o.4o-a6o 

24-37 

Greenheart 

093-1.04 

58-65 

1 

1 

1 

*  Where  the  temperature  is  not  given,  ordinary  atmospheric  temperature  is  understood. 
Smithsonian  Tablcs* 
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Table  97. 


Ill 


DENSITY  IN  QRAMS  PER  CUBIC  CENTIMETER  AND  POUNDS  PER  CUBM 

FOOT  OF  VARIOUS  SOLIDS. 

N.  B7    The  density  of  a  specimen  depends  considerably  on  its  state  and  previous  treatment;  especially  is  this  th 
case  with  porous  materials. 


Material. 

Grams  per 
cu.  cm. 

Pounds  per     1 
cu.  foot. 

Material. 

Grams  per 
cu.  cm. 

Pounds  per     • 
cu.  foot. 

Asate 
Alabaster : 

2.5-2.7 

156-168 

Gum  arabic 

1. 3- 1. 4 

80-  85     \ 

Gypsum 

2.3>-2.33 

144-145     i 

Carbonate 

2.69-2.78 

168-173 

Hematite 

4.9-5.3 

306-330     1 

Sulphate 

2.26-2.32 

I4I-145 

1  Hornblende 

30 

187          ; 

Albite 

2.62-2.65 

163-165 

Ice 

0.917 

57-2 
280-310 

Amber 

I.06-I.II 

66-  69 

Ilmenite 

4.5-5. 

Amphiboles 

2.9-3.2 

180-200 

Ivory 

1. 83-1. 92 

I 14-120 

Anorthite 

2.74-2.76 

171-172 

Labradorite 

2.7-2.72 

168-170 

Anthracite 

I.4-I.8 

87-112 

Lava:  basaltic 

2,8-3.0 

175-185 
125-168 

Asbestos 

2.0-2.8 

125-175 

trachytic 

2.0-2.7 

Asphalt 

I.I-I.5 

69-  94 

Leather :  dry 

0.86 

n 

Basalt 

2.4-31 

150-190 

greased 

1.02 

Beeswax 

0.96-0.97 

60-  61 

Lime  :  mortar 

1. 65-1 .78 

103-11 I 

Beryl 

2.69-2.7, 

168-168 

slaked 

1. 3-1 .4 

81-87 

Biotite 

2.7-3.1 

170-190 

Limestone 

2.68-2.76 

167-17 I 

'  Bone 

1.7-2.0 

106-125 

Litharge  : 

Brick 

1.4-2.2 

87-137 

Artificial 

9.3-9'4 

580-585 

Butter 

0.86-0.87 

53-  54 

Natural 

7.8-8.0 

490-500 

Calamine 

4.1-45 

255-280 

Magnetite 

4.9-5.2 

306-324 

Caoutchouc 

0.92-0.99 

57-  62 

Malachite 

37-4.1 

231-256 

Celluloid 

1.4 

87 

Marble 

2.6-2.84 

160-177 

Cement,  set 

2.7-3.0 

170-190 

Meerschaum 

0.99-1.28 

62-  80 

Chalk 

1.9-2.8 

1 18-175 

Mica 

2.6-3.2 

165-200 

Charcoal :   oak 

0.57 

?1.8 

Muscovite 

2.76-3.00 

172-225 

pine 

0.28-0.44 

Ochre 

3.5 

218 

Chrome  yellow 

6.00             1 

374     ^ 

Oligoclase 

2.65-2.67 

165-167 

Chromite 

4.32-4.57    • 

270-285 

Olivine 

3-27-3-37 

204-210 

Cinnabar 

8.12 

507 

Opal 

2.2 

^37 

Clay 

1.8-2.6 

122-162 

Orthoclase 

2.58-2.61 

161-163 

Co*d,  soft 

1. 2-1.5 

75-  94 

5S-  57 
62-105 

Paper 

0.7-1. 15 

44-  72 

Cocoa  butter     • 

0.89-0.91 

Paraffin 

6.87-0.91 

54-  57 

Coke 

1.0-1.7 

Peat 

0.84 

52 

Copal 

1.04-1.14 

65-  71 

Pilch 

1.07 

67 

Corundum 

3-9-4-0 

245-250 

Porcelain 

2.3-2.5 
2.6-2.9 

143-156 

Diamond  : 

. 

Porphyry 

162-181 

Anthracitic 

1.66 

104 

Pynte 

4.95-5- » 

309-318 

Carbonado 

3-OI-3.25 

188-203 

Quartz 

2.65 

165 

Diorite 

2.C2 

1 57 

Quartzite 

2.73 

170 

Dolomite 

2.84 

^77 

Resin 

1.07 

67 

Ebonite 

115 

72 

Rock  salt 

2.18 

136 

Emery 

4.0 

250 

Rutile 

6.00-6.5 

374-406 

Epidote 

3-25-3-5 

203-218 

Sandstone 

2.14-2.36 

134-147 

!  Feldspar 

2.55-2.75 

159-172 

Serpentine 

2.50-2.65 

156-165 

,  Flint 

2.63 
3.18 

164 

Slag,  furnace 

2.0-3.9 

125-240 

Fluorite 

198 

Slate 

2.6-3.3 

162-205 

Gamboge 

1    ^ 

75    .«      ' 

Soapstone 

2.6-2.8 

162-175 

Garnet 

3.15-4.3 

197-268 

Starch 

1-53 

95 

Gas  carbon 

1.88 

117 

Sugar 

1. 61 

100 

Gelatine 

1.27 

180 

Talc 

2.7-2.8 

168-174 

Glass :  common 

2.4-2.8 

150-175 
180-370 

Tallow 

0.91-0.97 

57-  60 

flint 

2.9-5.9 

Topaz 

3.5-3-6 

219-223 

Glue 

1.27 

80 

Tourmaline 

3-0-3-2 

190-200 

Granite 

2.64-2.76 

165-172 

Zircon 

4.68-4.70 

292-293 

Graphite 

2.30-2.72 

144-170 

Smithsonian  Tables. 


IIJ.  Tablb  08. 

DENSITY  IN  QRAM8  PER   CUBIC  CENTIMETER  AND   POUNDS  PER  CUBIC 

FOOT  OF  VARIOUS  ALLOYS. 


Alloy. 


Brasses :  Yellow,  70CU  +  3oZn,  cast . 

rolled 
drawn 


M 

(I 


M 
(1 


U 


Red,  90CU  -f  loZn 
White,  soCu  -f  5oZn 
Bronzes:  ooCu-f-  loSn 

8sCu4-  iSSn      .  . 
SoCu  -4-  2oSn 
7SCu  -|-  2^Sn 
German  Silver:  Chinese,  26.3CU  +  36.6Zn4-36.8N 

Berlin  (i)  52CU  -j-  26Zn  -|-  22Ni 


« 


(« 


M 


(t 


«« 


<« 


U 


(4 
M 


14 


(a)  59CU  -j-  3oZn  -j-  "Ni 
(3)0 


u 


44 


44 


44 


44 
44 
14 


4( 


44 
44 
4( 


)3Cu  +  3oZn  +  6Ni 
Nickelin    . 
Lead  and  Tin:  Sy.^Pb-j-  i2.5Sn 

84Pb+i6Sn     . 
77.8Pb  -I-  22.2Sn 
65.7Pb-f36.3Sn 
46.7Pb-l-53.3Sn 
30.  jPb  -j-  69.sSn 
Bismuth,  Lead,  and  Tin :  5381  -|-  4oPb  -|-  7Cd 
Wood's  Metal :  joBi  -|-  25Pb  -|-  la-sCd  -|-  i2.5Sn 
Cadmium  and  Tin :  32Cd  -f-  68Sn 
Gold  and  Copper :  98 Au  -|-  2Cu 

96AU  -j-  4CU 
94AU  4-  6Cu 
92AU  -j-  8Cu 
9oAu  4-  loCu 
88Au-|-  12CU 
86Au  -h  14CU 
Aluminum  and  Copper:  loAl  -f  9oCu 

SAl-f95Cu 
"         "  3AI-I-97CU 

Aluminum  and  Zinc :  91  Al -|-  ^n 
Platinum  and  Iridium :  9oPt  -|-  loir  . 

8sPt-|-i5lr. 
66.67  Pt  +  33-33^'' 
sPt  -h  9slr 
Constantan :  6oCu  -f-  4oNi 
Magnalium :  70AI  -f-  3oMg 
Manganin  :  84CU  -|-  i2Mn  -f-  4Ni 
Platinoid :  German  silver  -f-  little  Tungsten 


4< 
(4 
44 


14 


4« 


4« 


44 


41 


44 


({ 


ti 


44 
44 
44 
44 
41 


14 


(4 
44 


44 
(4 


44 


44 


14 


Granu 

per  cubic 

cendmeter. 


8.44 
8.56 
8.70 
8.60 
8.20 
8.78 
8.89 

8.74 
8.83 
8.30 

845 
8.34 
8.30 

8.77 
10.60 

10.05 

9-43 

8.73 
8.24 

10.56 

9.70 

7.70 

18.84 

18.36 

>7.95 
17.52 

17.16 

16.81 

16.47 

7.69 

8.37 
8.i9 

2.80 
21.62 
21.62 
21.87 
22.38 

8.88 

2.0 

8.S 

9.0 


Pounds 

per  cubic 

tooL 


527 
534 
542 
536 

548 

555 
545 

5*8 

5^ 

644 
627 
588 

545 

659 

^5 
480 

1 176 

"45 
1120 

1093 
1071 

1049 
1027 

480 

522 

542 

1348 
1348 

1364 
1396 

554 
125 

530 
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Tables  99-100.  1 1 5 

Table  99.- DENSITIES  OF  VARIOUS  NATURAL  AND  ARTIFICIAL 

MINERALS. 

(See  also  Table  97.) 


Name  and  Formula. 


Pure    compounds,    all    at 

25«C 
Magnesia,  MgO 
Lime,  CaO 
Forms  of  SiO,: 

Quartz,  natural 
'*      artificial 

Cristobalite,  artificial 

Silica  glass  * 
Forms  of  AljSiO, : 

Sillimanite  glass 

Sillimanite  cryst. 
Forms  of  MgSiO| : 

3  Monodinic  pyroxene 

o*  Orthorhombic  pyroxene 

ff  Monoclinic  amphibole 

7' Orthorhombic  amphi- 
bole 

Glass 
Forms  of  CaSiO, : 

a  (Pseudo-wollastonite) 

/3  (WoUastonite) 

Glass 
Forms  of  Ca^SiO^ : 

a  — calcium-orthosilicate 

/3  — 

7  — 
iB'  — 

Lime-alumina  compounds : 

3CaO  •  AljO, 

5CaO  •  3Al,C)j 

CaO  •  A1,0, 
,  3Ca0sAI,0, 

3CaO  •  5Al30g,  unstable 
I     form 
I  Forms  of  MgSiO,  •  CaSiO, : 

Diopside,  natural,  cryst. 
"  artificial,  " 

"         glass 


Density 
grams 
percc. 


3-603 
3306 

2.646 
2.642 

2.319 
2.206 

2-53 
3.022 

ri66 


2.849 
2735 

2.904 

2. 

2. 

3.26 

3-27 
2.965 


3.029 
2.820 
2.972 


304 
3-258 

2.846 


Sp.Vol. 
cc.  per 
gram. 


•2775 
•3025 

•3779 
•3785 
.4312 

•4533 

•395 
•3309 

.3142 
•3159 


.3656 

•3444 
•3441 
•3454 

•307 
.306 


■3301 
•3546 

•3365 


•329 

.3069 
•3063 
•3514 


V 


I 

2 
t< 


3 


5 
« 


2 

M 


ti 
i( 


3 

M 


W 


4 

<« 


Name  and  Formula. 


la 


Feldspars : 
Albite  glass,  NaAlSi,0„ 

art. 
Albite  cryst.,  NaAlSijOg, 

art. 
Anorthite  glass, 

CaAl,Si,0„  art. 
Anorthite  cryst., 

CaAl|Si,08,  s^* 
Soda  anorthite, 

NaAlSiO^,  art. 
Borax,  glass,  Na2B407 

"       cryst.        " 
Fluorite,  natural,  CaF, 

(20O) 
(NH,),SO,  (30°) 

K,S04 

KCl,  fine  powder 
Forms  of  ZnS : 
Sphalerite,  natural* 
Wurtzite,  artificial! 
Greenockite,  artificial 
Forms  of  HgS : 
Cinnabar,  artificial 
Metacinnabar,  artifi- 
cial 

Minerals : 

Gehlenite,   from    Velar- 
den  a 

Spurrite,  from  Velardena, 
2Ca3Si04  •  CaCO, 

Hillebrandite,  from  Vel- 
ardena, 

CaSiO,-Ca(OH), 

Pvrite,  natural,  FeS^ 

Marcasite,  natural,  F eS^ 

^  Only  0.1 5%  Fe  total  impurity, 
t  Same  compoeitiou  as  Sphaler- 
ite. 


Density 
grams 
percc. 


2.375 
2.597 
2.692 

2-757 

2.563 
2.36 

2.27 

3.180 
1.765 
2.657 
1.984 

4.090 
4.087 
4.820 

8.176 

7.58 


3^03 
3^oo5 


2.684 
5.012 

4-873 


Sp.  Vol. 
cc.  per 
gram. 


.4210 

.3851 
•3715 
•3627 

.3902 

.423 
.440 

•3'4S 
.5666 

•3764 
.5040 

.2444 
.2447 
.2075 

.1223 
.132 


•330 
.3328 

.3726 

•1995 
.2052 


S 

e 


«( 
<i 
ti 

7 

6 
i< 

8 

9 
(t 

<( 


10 


II 


M 


II 


If 


10 
«< 


References:  i,  Larsen  1909;  2,  Day  and  Shepherd;  3,  Shepherd  and  Rankin,  1909;  4,  Allen  and 
White,  1909;  5,  Allen,  Wright  and  Clement,  1906;  6,  Day  and  Allen,  1905;  7,  Washington  and 
Wright,  1910;  8,  Merwin,  1911  ;  9,  Johnston  and  Adams,  191 1;  10,  Allen  and  Crenshaw,  1912; 
II,  Wright,  1908. 

All  the  data  of  this  table  are  from  the  Geophysical  Laboratory,  Washington. 


Table  IOO.-DENSITIES  OF  MOLTEN  TIN 

AND  TIN-LEAD  EUTECTIC. 

Temperature 

Molten  tin 

37  pts.  Pb,  63,  Sn.* 

25o«C. 

6.982 

8.011 

300® 

6.943 
7^965 

400° 

6.875 

7.879 

500° 

6.814 

7.800 

600** 

6-755 
7-731 

900® 

6-578 

1200° 
6.399 

1400° 
6.280 

i6oo« 
6.162 

*  Melts  at  181.    Day  and  Sosman,  Geophysical  Laboratory,  unpublished. 

For  further  densities  inorganic  substances  see  table  219. 
"         "  "        organic  '*  "      "     220. 
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Tables  101-102. 
WEIGHT  OF  SHEET   METAL. 


TABLE  101.— WtlglLt  Of  Bluet  Kctal.    (Ketzlo  KaMWt.) 

This  table  gives  the  weight  in  grims  of  a  plate  one  meter  square  and  of  the  thickness  stated  in  the 

first  column. 


Thickness 

in  thou- 

saudths  of 

a  cm. 


1 

2 

3 
4 
5 

6 

7 
8 

9 

10 


Iron. 


78.0 
156.0 
234.0 
312.0 
390.0 

468.0 
546.0 
624.0 
702.0 
780.0 


Copper. 


89.0 
178.0 
267.0 
356.0 
44S-0 

534.0 
623.0 
712.0 
801.0 
890.0 


Brass. 


85.6 
171.2 
256.8 
342.4 
428.0 

513-6 

684!8 

770.4 
856.0 


Aluminum. 


26.7 

53.4 
80.1 

106.8 
133-5 

160.2 
186.9 
213.6 
240.3 
267.0 


Platinum. 


215.0 
430.0 
6450 
860.0 
1075.0 

1290.0 
1 505.0 
1720.0 

1935-0 
2150.0 


Gold. 


193.0 
386.0 

5790 
772.0 
965.0 

1 1 58.0 

135I-O 
1544.0 

1737-0 
1930.0 


Silver. 


105.0 
210.0 

3150 
420.0 
525.0 

630.0 

735-0 
840.0 

945-0 
1050.0 


Jl 


TABLE  lOE.-WeifflitolSliMtKetaL    (Brltlili  KMivn.) 

Thickness 

Iron. 

Copper. 

Brass. 

Aluminum. 

Platinum. 

in  Mils. 

Pounds  per 

Pounds  per 

Pounds  per 

Pounds  per    Ounces  per 

Pounds  per 

Ounces  per 

Sq.  Foot. 

Sq.  Foot. 

Sq.  Foot. 

Sq.  Foot. 

Sq.  Fool. 

Sq.  Foot. 

Sq.  Fool 

1 

1 

.04058 

.04630 
.09260 

.04454 

.01389 

.2222 

.1119 

1.790 

2 

.08116 

.08908 

.02778 

.4445 

.2237 

3-579 

3 

.12173 

.13890 

.13363 

.04167 

•^7 

•3356 

5-369 

4 

.16231 

.18520 

.17817 

.05556 
.06945 

.8890 

.4474 

l-'^l 

5 

.20289 

.23150 

.22271 

1.1112 

•5593 

8.948 

6 

•24347 

.27780 

.26725 

•08334 

1-3335 

.6711 

10.738 

7 

.28405 

.32411 

-3"  79 

-09723 

1-5557 
1 .7780 

•Z^^o 

12.527 

8 

•32463 

.37041 

•35634 
.40088 

.IIII2 

.8948 

14-317 

9 

.36520 

.41671 

.12501 

2.0002 

1.0067 

16.106 

10 

.40578 

.46301 

•44542 

.13890 

2.2224 

I.II85 

17.896 

Thick 

ness 

Gold. 

Silver. 

inM 

lis. 

Troy 

Ounces  per 

Sq.  Foot. 

Grains  per 
Sq.  Fool 

Troy 

Ounces  per 

Sq.  Fopt. 

Grains  per 
Sq.  Foot. 

• 

1 

1.4642 

702.8 

0.7967 

3?^-4 

2 

2.9285 

I4015.7 
2108.5 

1-5933 

764.8 

3 

4.3927 
5.8570 

2.3900 

U47.2 

• 

4 

281 1.3 

31867 

1529.6 

5 

7.3212 

35M.2 

39833 

1 91 2.0 

6 

8.7854 

4217.0 

4.7800 

2294.4 

• 

1 

10.2497 
".7139 

4919.8 
5622.7 

0325.5 
7028.3 

5.5767           2676.8 
S.3734           3059.2 

9 

13.1782 

7.T700           3441.6 

to 

14.6424 

7.9667           3824.0 

1 
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DENSITY  OF  LIQUIDS. 

Density  or  mass  in  grams  per  cubic  centimeter  and  in  pounds  per  cubic  foot  of  various  liquids. 


Liquid. 


^ 


Acetone 
Alcohol,  ethyl 

methyl 
Anilin 
Benzol 
Bromine 

Carbolic  acid  (crude) 
Carbon  disulphide 
Chloroform  . 
Cocoa-butter 
Ether   . 
Gasoline 
Glycerine 
apan  wax     • 
'ilk 
Naphtha  (wood)  . 
Naphtha  (petroleum  ether) 
Oils:  Amber 

Anise-seed  . 

Camphor     . 

Castor 

Clove 

Cocoanut    . 

Cotton  Seed 

Creosote 

Lard 

Lavender    . 

Lemon 

Linseed  (boiled) 

Neat's  foot. 

Olive  . 

Palm  . 

Pentane 

• 

Peppermint 

Petroleum  . 

(light) 

Pine  . 

Poppy 

Rapeseed  (crude) 
(refined) 

Resin  . 

Sperm 

Soya-bean 


<( 


Train  or  Whale 
Turpentine. 
Valerian 
Wintergreen 

Pyroligneous  acid 

Water  . 


Grams  per 
cubic  centimeter. 

Pounds  per 
cubic  foot. 

Temp.  C. 

0.792 

49-4 

20** 

0.807 

50.4 

0 

0.810 

50.5 

0 

1.035 

64.5 
50.1 

0 

0.899 

0 

3.187  ^ 

199.0 

0 

0.950-0.965 

59.2-60.2 

15 

1.203 
1.480 

80.6 
92.3 

0 

18 

0.857 

53.5 

100 

0.736 

45.9 

0 

0.66-0.69 

41.0-iy.o 

— 

1.260 

0 

0.875 

54.6 

100 

I. 028-1. 035 

64.2-64.6 

— 

0.848-0.810 

52.9-50.5 

0 

0.665 

41.5 

15 

0.800 

49.9 
62.1 

15 

0.996 

16 

0.910 

56.8 

— 

0.969 

60.5 

15 

I .04-1 .06 

65.-66. 

25 

0.925 

57.7 

15 

0.926 

57.8 

16 

I. 040-1. 100 

64.9-68.6 

15 

0.020 

57.4 

15 

0.877 

54.7 

16 

0.844 

52.7 
58.8 

16 

0.942 

15 

O.913-.917 

57.0-57 -2 

— 

0.918 

57.3 

15 

0.905 

56.5 

15 

0.650 

40.6 

0 

0.623 

38.9 

25 

0.90- .02 
0.878 

56-57 

25 

54.8 

0 

0.795-0.805 

49.6-50.2 

15 

0.850-0.860 

53  0-54.0 

15 

0.924 

57.7 

— 

0.915 

57.1 

15 

0.913 

57.0 

15 

°-8g5 

59.6 

15 

55. 

25 

0.919 

57.3 

30 

0.906 

56.5 

90 

0.918-0.925 

57.3-57.7 

15 

0.873 

§4.2 

16 

0.965 

60.2 

16 

1. 18 

74. 

25 

0.800 

49.9 

0 

1. 000 

62.4 

4 
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Il8  TABLK104. 

DENSITY  OF  PURE  WATER  FREE  FROM  AIR.    O''  TO  41*  C. 

[Under  »taudard  pressure  (76  cm),  at  every  tenth  part  of  a  degree  of  the  international  hydrogen  scale  from  oP  to  41^ 

C,  in  grams  per  milliliter '  ] 


Bo- 

Tanths  ol  DagTMH. 

^ 

SinS- 

Dtttar- 

1 

• 

. 

gnda. 

1 

i 

0 

0 

1 

a 

3 

8875 
9408 

4 
8936 

6 

6 

7 

8 

9 

0.999  8681 

8747 

8812 

8996 

9053 

9109 

9^63 

9216 

+  59 

I 

9267 

93' 5 

9363 

9452 

9494 

9534 

9573 

9610 

9645 

+  41 

2 

9679 

9711 

9741 

9769   9796 

9821 

9»44 

9887 

9905 

-h  24 

3 

9922 

9937 

9951 

9962 

.^U 

9981 

9988 

9994 

9998 

*oooo 

+   S; 

4 

I.OOOOOOO 

*9999 

♦9996 

♦9992 

♦9986 

*9979 

*997o 

*996o 

*9947 

*9934 

—  8 

5. 

0.999  9919 

9902 

9884 

9864 

9842 

9819 

946^ 

9769 

9742 

'9713 

-24! 

6 

9682 

9650 

9617 

9582 

9545 

9507 

9427 
§938 

9385 

P 

—  39 

7 

9296 

9249 

9201 

91S' 

9100 

9048 

8994 

8881 

~Pi 

8 

$764 

8703 

8641 

7^63 

8512 

8445 

8377 

8308 

8237 

8165 

—  67  i 

;  9 

t 

8091 

8017 

7940 

7784 

7704 

7622 

7539 

7455 

7369 

—  81 

1 
10 

7282 

7194 

7105 

7014 

6921 

6826 

6729 

6632 

6533 

6432 

—  95  . 

II 

6331 

6228 

6124 

6020 

59'3 

5805 

5696 

5586 

5474 

5362 

— 108 

12 

5248 

5132 

5016 

4898 

4780 

4660 

4538 

4415 

4^35 

4166 

— 121  . 

1  '3 

4040 

39" 

3784- 

3654 
2289 

3523 

3391 

^f57 

3122 

2986 

2850 

—133 

1  '4 

1 

2712 

2572 

2431 

2147 

2003 

1858 

1711 

1564 

1416 

—145 

i  'I 

1266 

1 1 14 

0962 

0809 

065s 

°i^ 

0343 

0185 

0026 

•0865 
8202 

z\^ ' 

16 

0.998  9705 

8029 

9542 

7681 

9214 

9048 

8881 

8713 

8544 

8373 

"7 

7856 

7505 

7328 

7150 

6971 

6791 

6610 

6427 

— 178  \ 

i  «8 

6244 

6058 

5873 

5680 

5498 

5309 

5119 

4927 

4735 

4541 

—190 

«9 

4347 

4152 

3955 

3757 

3558 

3358 

3158 

2955 

• 

2752 

• 

2549 

— 200 

1 

20 

2343 

2137 

1930 

1722 

1511 

1 301 

1090 

0878 

0663 

0449 

1 
— 211 

21 

0233 

0016 

*9799 

♦9580 

*9359 

♦9139 

♦8917 

*8694 

*8470 

*8245 
5938 

— 221 

'  22 

0.997  8019 

7792 

7564 

l^ 

7104 

6873 

6641 

6408 

6173 

232  ' 

23 

572? 

5466 

5227 

4747 

4506 

4264 

4021 

3777 

3531 

— 242  ' 

24 

3286 

3039 

2790 

2541 

2291 

2040 

1788 

1535 

1280 

1026 

—252 

11 

0770 

7892 

0255 

*9997 

*9736 
7087 

♦9476 

♦9214 

♦8951 

♦8688 

♦8423 

— 261 

0.9968158 

7^24 

7356 

6817 

6545 

6273 

6000 

5726 

—271 

I  27 

5451 

5176 

4898 

4620 

4342 

4062 

3782 

3500 
0637 

7684 

3218 

2935 

280 

;  28 

2652 

2366 

2080 

«793 

1505 

1217 

0928 

0346 

0053 
7083 

—289 

29 

0.995  9761 

9466 

9171 

8876 

8579 

8282 

7983 

7383 

— 29S 

30 

6780 

6478 

6174 

5869 

5564 

5258 

4950 

4642 

4334 

4024 

—307  j 

31 

3714 

3401 

3089 

2776 

.  2462 

2147 

1832 

1515 

1198 

0S80 

— 3'5  ! 

i  32 

0561 

0241 

♦9920 

•9S99 

*9276 

♦8954 

♦8630 

♦8304 

*7979 
4678 

♦7653 

—324 

33 

0.994  7325 

6997 

6668 

6338 

6007 

5676 

5345 
1978 

5?" 

4343 

—33'  . 

34 

4007 

3671 

3335 

2997   2659 

1 

2318 

1638 

1296 

0953 

—340 

il 

o6ro 

0267 

♦9922 

♦9576 

♦9230 

♦8883 

*8534 

*8i86 

*7837 

♦7486 

—347 

0-9937136 

6784 

6432 

6078 

5725 

5369 

5014 

4658 

4301 
0691 

3943 

—355 

37 

3585 

3226 

2866 

2505 

2144 

1782 

1419 

io|5 

0326 

-362; 

0.992  9960 

9593 

9227 

8859 

8490 

8120 

7751 

7008 

6836 

—370  ' 

39 

6263 

5890 

5516 

5140 

4765 

4389 

4011 

3034 

3255 

2876 

—377 

40 

2497 

2116 

1734 

1352 

0971 

0587 

0203 

♦9818 

*9433 

♦9047 

—384, 

41 

0.991  8661 

-   .  J 

^  According  to  P.  Chappuis,  Bureau  international  des  Poids  et  Mesures,  Travaux  et  M^moires,  13;  1907. 
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Table  105.  1^9 

VOLUME  IN  CUBIC  CENTIMETERS  AT  VARIOUS  TEMPERATURES  OF  A 
CUBIC  CENTIMETER  OF  WATER   FREE  FROM  AIR  AT  THE 
TEMPERATURE    OF    MAXIMUM    DENSITY.      O""  TO  40*"  C. 

Hydroftn  Tlitniioiiiffttr  Sotlt. 


Temp. 


o 
I 

2 

3 
4 

7 
8 


10 

II 

12 

'3 
14 

;i 

I? 

i8 
<9 

20 
21 
22 

23 
24 

25 
26 
27 
28 
29 

30 
31 
32 

33 
34 

35 


.0 


1.000132 

073 
032 

008 

000 

008 
032 
070 
124 
T91 

272 

367 
476 
596 
729 

873 
1. 00 103 1 

198 

378 
568 

769 

981 

1.002201 

436 
679 

932 
1.00319s 

467 

749 
1. 00404 1 

341 

968 

1 .005296 

631 

975 


.1 


069 
029 
006 
000 

010 

035 

075 
130 

198 

281 

487 
609 

"743 

890 
047 
216 

588 

790 

002* 
226 

459 
704 

958 
221 

495 
776 

069 

371 
682 

001* 

328 

665 

009* 


.a 


118 
064 
026 
005 
000 

012 

039 
080 

206 


388 

499 
623 

757 

905 
063 

233 

60I 

811 

024* 

249 

483 
729 


2 


98 

523 
100 

403 
7'3 
033* 

698 
044* 


112 
059 
023 
004 
001 

014 
042 
085 
142 
214 

299 
398 

5" 
636 

772 

920 
080 
252 

626 

832 
046* 

271 

507 
754 

oio* 

275 

836 
129 

432 

744 
066* 

395 

732 

078* 


106 

055 
020 

003 

001 

016 
046 
090 
149 
222 

308 
409 

522 
649 
786 

935 
097 

269 

452 
646 

o68< 
295 

532 
779 


036* 
302 

79 

65 
160 


I 


464 

777 
098* 

427 
768 

115* 


100 

018 
002 
002 

018 
050 

095 
156 

230 

317 
420 

534 
661 

800 
951 

287 

471 
667 

874 

091* 

3^9 
56 
04 


I 


061* 

330 
607 

893- 


494 

808 

132* 

461 

802 

150* 


095 
047 
016 
001 
003 

021 
054 

lOI 

162 
238 

327 
430 

075 
815 

967 
130 

305 
490 

687 

895 
113* 

342 
581 
829 

o88« 

357 

635 
922 

220 

526 
840 
i63» 

49^ 
836 

185* 


089 

043 
013 

001 

004 

023 
058 
106 
169 
.  246 

337 
441 

830 

983 
M7 

323 
510 

707 

916 

135* 

304 

605 

854 

384 
663 

951 

250 

557 
872 

197* 

871 

219* 


.8 


084 
039 

on 
000 
005 

026 
062 
112 
176 

254 

347 
453 
571 
702 

844 

998 
164 

341 
529 

728 

938 

is8« 

389 
629 

879 

141* 
412 
692 
981 

280 

588 

•904 

229* 

562 

904 

255* 


720 
on 
310 


619 

936 
263* 

597 
940 

290* 


079 

035 
009 

000 

007 

029 
066 
118 
184 
263 

357 
464 

584 

859 

015* 

182 

548 
748 

960 

i8i* 
412 

654 
905 

168* ; 
439  i 


«  r 


Reciprocals  of  the  preceding  table. 
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Table  106. 

DENSITY  AND  VOLUME  OF  WATER. 
— 10'  TO  +260*  C. 
The  mass  of  one  cubic  centimeter  at  4^  C.  is  taken  as  unity. 


Temp.  C. 

Density. 

Volume. 

1 

■  ■ 
1  Temp.  C. 

Density. 

Volume. 

—100 

0.99815 

I.OO186  ■ 

'  +350 

0.99406 

1.00598 

-1 

843 

157 

36 

371 

869 

131 

37 

336 

669 

—7 

892 

108  1 

,   38 

300 

706 

—6 

912 

088 

'   39 

263 

743 

-5 

0.99930 

1 
1.00070  1 

40 

0.99225 

1.00782 

—4 

945 
958 

055 

1    41 

187 

821 

—3 

042 

42 

147 

861 

— 2 

970 

o3»  1 

1    43 

107 

901 

— I 

979 

021 

44 

066 

943 

+0 

0.99987 

1. 0001 3 

*5 

0.99025 

1.0098? 

I 

993 

007  , 

1    40 

0.98982 

1. 01 028 

2 

997 

003  1 

1   47 

g-*? 

072 

3 

999 

001 

48 

896 

116 

4 

1. 00000 

I.OOOOO 

,    49 

852 

162 

5 

0.99999 

I.OOOOI 

50 

0.98807 

1.01207 

6 

997 

003  , 

51 

762 

254 

7 

98^ 

007  1 

1    52 

715 

301 

8 

012 

53 

669 

349 

9 

981 

019 

1    '' 

621 

398 

10 

0-99973 

1.00027  i 

i   55 

098573 

1. 01 448 

II 

963 

037   ' 

1   ^ 

324 

705 

12 

952 

048   ' 

!     65 . 

059 

979 

13 

940 

060 

70 

0.97781 

1.02270 

14 

927 

07Z 

!   75 

489 

576 

15 

0-99913 

1.00087 

80 

0.97183 

1.02899 

16 

897 

103 

85 

096865 

1.03237 

If 

880 

120  ' 

1   90 

534 

590 

18 

862 

138  1 

1   95 

192 

959 

19 

843 

157  1 

100 

1 

0.95838 

1.04343 

20 

0.99823 

1.00177 

110 

0.9510 

1.0515 
1. 0601 

21 

802 

198 

120 

•9434 

22 

780 

220 

,   '30 

•9352 
.9264 

1.0693 

23 

757 

244 

1   140 

1.0794 

24 

733 

268  , 

150 

•9173 

1.0902 

25 

0.99708 

1.00293 

160 

0.9075 

1.1019 

26 

682 

320 

1   '70 

.8973 
.8866 

I.I  145 

27 

65s 

347  1 

1   180 

1.1279 

28 

627 

375  , 

190 

•^750 

1. 1429 

29 

598 

404  1 

1   200 

.8628 

1.1590 

30 

0.99568 

1.00434  ■ 

,  210 

0.850 

1.177 

3« 

537 

465  I 

220 

•Iv 

1. 195 

32 

506 

497  ' 

230 

.823 

1. 215 

33 

473 

530  , 

240 

.809 

1.236 

34 

440 

563  ' 

250 

1 

•794 

1.259 

*  From  —  10°  to  o°  the  values  are  due  to  means  from  Pierre,  Weidner,  and 
Rosetti;  from  o°  to  41*^,  to  Chappuis,  42°  to  100°,  to  Thiesen;  no®  to  250°,  to 
me.-tns  from  the  works  of  Ramsey,  Young,  Waterston,  and  Him. 
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DENSITY  OF  MERCURY 

Density  or  mass  in  grams  per  cubic  centimeter,  and  the  volume 
in  cubic  centimeters  of  one  gram  of  mercury. 


1 

1 

Mass  in 

Volume  of 

1 

Mass  in 

Volume  of 

Temp.  C. 

grams  per 

I  gram  in 

Temp.  C 

grams  per 

I  gram  in 

1 

cu.  cm. 

cu.  cms. 

cu.  cm. 

cu.  cms. 

-IC* 

13.6198 

0.0734225 

30** 

13.5213 

0.0739572 

—9 

6173 

4358 

31 

5189 

9705 

-8 

6148 

4492 

32 

5164 

9839 

—7 

6124 

4626 

33 

5140 

9973 

-6 

6099 

4759 

34 

5II6 

40107 

—6 

13.6074 

0.0734893 

36 

13.5091 

0.0740241 

—4 

6050 

5026 

36 

5066 

0374 

—3 

6025 

5160 

Z7 

5042 

0508 

— 2 

6000 

5293 

38 

5018 

0642 

—I 

5976 

5427 

39 

4994 

0776 

0 

13.5951 

0.0735560 

40 

13.4969 

0.0740910 

I 

5926 

5694 

§° 

4725 

2250 

2 

5901 
5877 

5828 

60 

4482 

3592 

3 

5961 

70 

4240 

4936 
6282 

4 

5852 

6095 

80 

3998 

5 

13.5827 

0.0736228 

90 

13.3723 

0.0747631 

6 

5803 

6362 

100 

3515 

8981 

7 

5778 

6496 

no 

3279 

50305 

8 

5754 

6629 

120 

3040 

1653 

9 

5729 

6763 

130 

2801 

3002 

10 

13.5704 

a.  0736893 

140 

13.2563 

0.0754-54 

II 

5680 

7030 

ISO 

2326 

5708 

12 

5655 

7164 

160 

2090 

7064 

13 

5630 

7298 

170 

1853 

8422 

14 

5606 

7431 

180 

1617 

9784 

16 

13.5581 

0.0737565 

190 

13.1381 

0.0761x49 

i6 

5557 

7699 

200 

"45 

2516 

17 

5532 

7832 

210 

0910 

3886 

i8 

5507 

7966 

220 

0677 

5260 

19 

5483 

8100  . 

230 

0440 

6637 

20 

13.5458 

0.0738233 

240 

13.0206 

0.0768017 

21 

5434 

8367 

250 

12.9972 

9402 

22 

5409 

8501 

260 

9738 

7090 

23 

5385 

8635 

270 

9504 

2182 

24 

5360 

8768 

280 

9270 

3579 

26 

13.5336 

0.0738902 

290 

12.9036 

0.0774979 

26 

531 1 

9036 

300 

8803 

27 

5287 

9170 

310 

8569 

7795 

28 

5262 

9304 

320 

8336 

9210 

29 

5238 

9437 

330 

8102 

80630 

30 

13.5213 

0.0739571 

340 

12.7869 

0.0782054 

350 

7635 

3485 

1 

360 

1 

7402 

4921 

Based  upon  Tbiesen  und  Scbeel,  Tatigkeitber.  Pbys.-Techn.  Reichsanstaltt 
1897-1898;  Chappuis,  Trav.  Bur.  Int.  13,  1903.  Tbiesen,  Scbeel,  Sell; 
Wiss.  Abb.  Pbys.-Tecbn.  Reicbsanstalt  a,  p.  184,  1895,  and  x  liter 
=  1.000027  cu.  dm. 
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Table  108. 
DENSITY  OF   AQUEOUS  SOLUTIONS.* 


The  following  table  gives  the  density  of  solutions  of  various  salts  in  water.    The  numbers  give  the  weight  is 
grams  per  cubic  centimeter.     For  brevity  the  substance  is  indicated  by  formula  only. 


Substance. 


KjO   . 
KOH 
NaaO 
NaOH 
NHs  . 

NH4CI 
KCl   . 
NaCl. 
LiCl  . 
CaCla 


CaCla  +  6H,0 
AlCls  .  .  - 
MgCl2  .  .  • 
MgCl2+6H20 
ZnC]2 

CdCl2     • 
SrCl2 .    .    .     • 
SrCl2  -f  6H2O 
BaCl2 
BaCl2  4-2H20 


CuCl2 
NiCla 
HgCl2 
Fe2Cl6 
PtCU . 


SnCl2+2H20 
SnCU  +  SH2O 
LiBr  . 
KBr  . 
NaBr 

MgBr2 

ZnBr2 

CdBr2 

CaBrj 

BaBr2 

SrBr2 
KI      . 
Lil     . 
Nal    . 
Znli  . 

Cdlj  . 
Mgl2  . 
Cal2  * 
Srl2  . 
Bal2  . 

NaClOg 

NaBrOs 

KNOs 

NaNOg 

AgNOs 


Weight  of  the  dissolved  substance  in  loo  parts  by  weight  of 

the  solution. 


.047 
.040 

•073 
.058 

0.978 

.015 
.031 

•035 
.029 

.041 

.019 
.030 
.041 
.014 

.043 

•043 
.044 
.027 

•045 
•035 

.044 
.048 

.041 
.041 
.046 

.032 
.029 

•033 


.041 

.043 
.041 

.042 
.043 

•043 
.036 

.036 

.038 

•043 

.042 
.041 
.042 

•043 
•043 

•03  s 

•039 
.031 

.031 

.044 


10 


.008 

JO82 

144 

114 

959 

030 
005 
072 
o«;7 


040 
072 

08s 

032 
089 

087 
092 

053 
094 

075 


091 
.098 
2 

097 


09: 
o8( 


067 
058 
070 

073 
078 

08s 
I 


087 
090 

089 
076 
077 
080 
089 

086 
086 
088 
089 
089 

06S 
081 
064 
065 
090 


»5 


•153 
.127 
.218 
.169 
0.940 

.044 
.099 
.110 
.085 
.132 

.061 
.III 
.130 

•049 
•135 

.138 

•143 
.082 

.147 

.119 

•155 
•157 

.130 

•'53 

.104 

.089 

.III 

.114* 

.123 

•135 
.144 

•139 
•137 
.142 

.140 
.118 
.122 
.126 
.138 

.136 

•137 
.138 

.140 

.141 

.106 
.127 

•099 
.101 

.140 


30 


214 
176 

284 
224 
924 

058 
>35 

116 
181 

083 

153 

177 

067 
184 


III 


221 
223 

179 
214 

43 
22 

54 
57 
72 

89 
202 

97 
92 

99 

64 
70 

77 
94 

92 
92 

96 

98 
99 

45 
76 

35 
40 

95 


25 


284 
229 

354 

279 
909 

072 

191 

147 
232 

196 
226 
08 
23 

254 

257 
042 

269 

217 

291 
299 

2J2 
285 

185 

157 
202 

205 

224 

26 


25 

250 

260 

260 
216 

222 
232 

253 

251 
252 
258 
260 
263 

188 
229 

180 

255 


30 


1-354 
1.42 1 


181 
286 

128 
241 
278 
103 
289 

3«9 
321 

«74 

273 
360 


290 
362 

229 

193 
252 

254 
279 

308 
328 
324 
313 
327 

328 
269 
278 
292 
316 

317 

318 

3'9 
328 

331 

287 

222 
322 


40 


'•503 
1.410 

'•557 
1.436 


1.255 
1.402 

1. 176 
1.340 

1. 141 
1.417 

1.469 

1.242 


1.527 


1.413 
1.546 

1-329 
1.274 

1.366 

1.364 

1.408 

1449 

1.473 
1.479 

1.459 
1.483 

1.489 

1-394 
1. 41 2 

1.430 

1.467 

1.474 
1472 

M75 
1.489 

1.493 
1.329 


1.313 
1.479 


50 


1.659 
i.«;^8 


1.689 
1-539 


1.225 

1. 183 
1-563 

1.653 

1.317 


545 
785 

444 
365 
498 

5*63 

623 

648 
678 

639 
683 

693 

544 

573 
598 

648 

678 
666 
663 

693 
702 


1.416 
1.675 


60 


1.809 
1.666 
1.829 
1.642 


1.276 


1.222 
1-737 

1.887 


1. 668 


1.580 
1.467 


1.873 


1-953 

1.732 

1-775 
1.808 

1.873 


1. 9 1 
I. 


1.918 


a 

E 
« 


S- 

5- 

5- 

5. 
6. 


5- 
5- 
5- 
5- 


8. 

5- 

5- 
24. 

9-5 

9-5 
5. 

5- 

5- 
21. 

7.5 

7.5 
20. 

7.5 


5- 

5- 

9.5 

9-5 

9.5 

9.5 
9.5 

9r5 

9-5 
9-5 

9-5 
9.5 
9.5 
9-5 
9-5 

9.5 
9.5 
9-5 
9-5 
9-5 

9.5 

9-5 

5- 
20.2 

15. 


Authority. 


Schiff. 


u 


u 


Can  us. 

Gerlach. 
(. 

w 
u 
It 

Schift 
Gerlach. 

Schiff. 
Kremers. 

«( 
Gerlach. 

it 
Schiff. 

Franz. 

M 

Mendelejeff. 

Hager. 

Precht 

Gerlach. 
(( 

Kremers. 
t( 

(( 
<t 

u 

«i 
11 
(I 

a 
u 
(I 
*t 

M 

(( 
fC 
t< 
« 
ft 

tt 

u 

Gerlach. 

Schiff. 

Kohlrausch. 


•  Compiled  from  two  papers  on  the  subject  by  Gerlach  in  the  "  Zeit.  ftir  Anal.  Chim.,"  vols.  8  and  97. 
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Weight  of  the  diasolved  substance  in  100  parts  by  weight  of 

the  solution. 

u 

Substance. 

d 

e 

Authority. 

5 

10 

»5 

20 

25 

• 

30 

40 

50 

60 

NH4NO8     .     .     . 

1.020 

1. 041 

1.063 
1. 146 

1.085 

1. 107 

1. 131 

1. 178 

1.229 

1.282 

17.5 

Gerlach. 

Zn(N08)2    .     .     . 

1.048 

1.095 

1. 201 

1.263 

1.325 
1. 178 

1.456 

1-597 

— 

17.5 

Franz. 

Zn(NO8)2+6H20 

- 

1.054 

- 

1. 113 

- 

1.250 
1.307 

1.329 

- 

14. 

Oudemans. 

Ca(N08)a    .    .     . 

1037 

1.075 

I.I18 

1. 162 

1. 211 

1.260 

1.482 

1.604 

17.5 

Gerlach. 

Cu(N08)a    .    .    . 

1.044 

1093 

II43 

1.203 

1.263 

1.328 

1. 47 1 

- 

— 

17.5 

Franz. 

• 

Sr(N08)«     .    .    . 

1.039 

1.083 

1. 129 

1. 179 

— 

- 

— 

- 

- 

19.5 

Kremers. 

Pb{N08)2    .    .    . 

1.043 

1. 091 

II43 

I.I99 

1.262 

'•332 

— 

- 

— 

17.5 

Gerlach. 

Cd(N08)a    .    .    . 

1.052 

1.097 

I.I  50 

1. 212 

1.283 

I-3S5 
1.318 

1-536 
1.465 

1-759 

— 

17-5 

Franz. 

Co(N08)a    .    .    . 

1.045 

1.096 

^'^y? 

1. 192 

1.252 

— 

- 

17-5 

K 

^i(N08)a     .    .    . 

1.045 

1.090 

1137 

1. 192 

1.252 

1.318 

1.465 

-• 

— 

17.5 

U 

FC,(N08)6    .     .     . 

Mg(N08)2H-6HaO 
Mn(N08)2+6H20 

I.03Q 

1.076 

1. 117 

1. 160 

1.210 

1. 261 

1-373 

1.496 

1.657 

17.5 

(1 

I.018 

1.038 

1.060 

1.082 

1. 105 

1. 129 

1. 179 

1.232 

— 

21 

Schiflf. 

1.025 

1.052 

1.079 

1. 108 

1. 138 

1. 169 

1.235 

1.307 

1.386 

8 

Oudemans. 

KaCOs    .... 

1.044 

1.092 

1. 141 

1. 192 

1.245 

1.300 

1.417 

1-543 

— 

'5 

Gerlach. 

K2CO8  +  2H20    . 

J.O37 

1.072 

I. no 

1. 1 50 

1. 191 

1.233 

1.320 

1.415 

1. 511 

15. 

II 

NaaCOsioHjO     . 

I.OI9 

1.038 

1.057 

1.084 

1.077 

1.098 

1.118 

— 

— 

— 

'5- 

II 

(NH4)2S04        .      . 

1.027 

1.055 

1.113 

1. 142 

1. 170 

1.226 

1.287 

- 

;i: 

Schiif. 

Fe2(S04)8   .     .    . 

1.045 

1.096 

1.150 

I.08I 

1.207 

1.270 

1-336 

1.238 

- 

- 

Hager. 

FeS04-f  7HaO    . 

1.025 

'•053 

I. Ill 

1. 141 

^'^7Z 

- 

— 

17.2 

Schiff. 

MgS04   .... 

I.O51 

1. 104 

1. 161 

1. 221 

1.284 

— 

— 

- 

15 

Gerlach. 

MgSO  +  7H2O  . 

1.025 

1.050 

1.075 

I.IOI 

I.I  29 

1.155 

1-215 

1.278 

- 

'5- 

(( 

Na2So4-f  10H2O 

I.019 

1.039 
1.064 

1.059 

I.081 

1. 102 

1. 124 

— 

- 

- 

'^• 

i< 

CUSO4+5H2O  . 

I.031 

1.098 

1.134 

I-I73 

1.213 

- 

- 

- 

18. 

Schiff. 

MnS04H-4H20  . 

I.03I 

1.064 

1.089 

'•'35 

1.174 

1.214 

1-303 

1-398 

- 

'5- 

Gerlach. 

ZnS04+7H20   . 

1.027 

1.057 

1. 122 

1.156 

1. 191 

1.269 

I-35I 

1-443 

20.5 

Schiff. 

Fe2(SO)8+K2S04 

-f24H20.    .    . 

1.026 

1.045 

1.066 

1.088 

1. 112 

1. 141 

- 

- 

17.5 

Franz. 

Cr2(SO)8+K2S04 

+  24H2O     .    . 

1. 01 6 

1-033 

1. 051 

1 .073 

1.099 

1. 126 

1. 188 

1.287 

1.454 

17.5 

(I 

MgS04  +  K2SO4 

+  6H2O  .    .     . 

1.032 

1.066 

I.IOI 

1.138 

- 

- 

- 

- 

— 

'5- 

Schiff. 

(NH4)2S04  + 

FeS04  +  6H2O 

1.028 

1.058 
1.082 

1.090 

1. 122 

1.154 

1. 191 

- 

- 

- 

19. 

« 

K2Cr04  .... 

1.039 

1. 127 

1.174 

1.225 

1.279 

1-397 

— 

— 

19.5 

(i 

KaCrjOY      . 

1035 

1.07 1 

1. 108 

— 

1 

- 

— 

— 

— 

19.5 

Kremers. 

Fe(Cy)6K4  .    .    . 

1.028 

1.059 

1.092 

1. 126 

1 

- 

- 

- 

- 

15- 

Schiff. 

Fe(Cy)eK8  .    .    . 

1.025 

1053 

1.070 

1. 113 

— 

— 

— 

- 

13 

K 

Pb(C2H802)a  + 

3H2O  .... 
2NaOH  +  AsaOs 

1.031 

1.064 

1. 100 

1. 137 

1. 177 

1.220 

1-315 

1.426 

— 

'5- 

Gerlach. 

1 

+  24HaO     .    . 

* 

■ 

SOg     .    .  *  .    .    . 

1.020 

5 

1.040 

1.042 

1.066 

1.089 

ao 
1. 179 

1.114 

[.277 

1. 140 

1.194 

60 

80 
1.840 

— 

14. 
'5- 

Schiff. 
Brineau. 

10 

IS 

40 
1.389 

ICO 

1.084 

1. 132 

1.564 

— 

ov./a    .     .    .    ■ 

1.013 

1.028 

1.045 

1.063 

— 

- 

- 

- 

- 

4. 

Schiff. 

NaOs .     .    . 

1033 

1.069 

1. 104 

1. 141 

1. 217 

1.294 

1.422 

1.506 

— 

'5- 

Kolb. 

C4H6O8  .    . 

1.021 

1.047 

1.070 

1.096 

1. 1 50 

1.207 

— 

- 

- 

15- 

Gerlach. 

CeHsO?  .    .    . 

1.018 

1.038 

1.058 

1.079 

1.123 

1. 170 

1.273 

- 

— 

'5- 

«i 

Cane  sugar .    . 

1.019 

1.039 

1.060 

1.082 

1. 129 

1. 178 

1.289 

- 

- 

17-5 

« 

HCl    .... 

1.025 

1.050 

1075 

I.IOI 

1. 151 

1.200 

— 

- 

- 

'5- 

Kolb. 

HBr    .... 

1035 

1-073 

1. 114 

1. 158 

1.257 

1.376 

- 

- 

— 

14. 

Topsoe. 

HI      .    .    . 

1037 

1.077 

1. 118 

1. 165 

1. 271 

1.400 

— 

- 

- 

'3- 

t( 

H2SO4 

1 

1.032 

1.069 

1. 106 

1.145 

1.223 

1.307 

1. 501 

1.732 

1.838 

'5- 

Kolb. 

HaSiFft   .    . 

1.040 

1.082 

1. 127 

1.174 

1-273 

- 

— 

- 

— 

17.5 

Stolba. 

P2O6  .... 

J  035 

1.077 

1. 119 

1. 1 67 

1. 271 

'-385 

1.676 

- 

— 

17-5 

Hager. 

P2O6+3H2O 

1.027 

1.057 

1.086 

1. 119  '188 

1.264 

1.438 

— 

— 

'5- 

Schiff. 

HNO.    .    .    . 

1.028 

1.056 

1.088 

1.119  '-'84 

1.250 

1-373 

1.459 

1.528 

15- 

Kolb. 

C2H4O2  .... 

1.007 

1. 01 4 

1. 02 1 

1.028 

1. 041 

1.052 

1.075 

1.055 

15- 

Oudemans. 
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Table  109. 


DENSITIES  OF  MIXTURES  OF  ETHYL  ALCOHOL  AND  WATER   IN  GRAMS 

PER  MILLILITER. 

The  densities  in  this  table  are  numerically  the  same  as  specific  gravities  at  the  various  temperatures  in  terms  of  water 
at  4*^  C.  as  unity.  Based  njpon  work  done  at  U.  S.  Bureau  of  Standards.  See  Bulletin  Bur.  Stds.  vol.  9,  no.  3 ;  con* 
tains  extensive  bibliography ;  also  Circular  19,  1913. 


Per  cent 

• 

Temperatures. 

' 

CjHbOH 

by  weight 

10°  C. 

'5°C. 

xPC. 

25°  C. 

30°  C. 

35°  c. 

40OCX 

0 

0.99973 

099913 

0.99823 

0.99708 

0.99568 

0.99406 

1 
0.99225  1 

I 

78s 

725 

636 

520 

379 

217 

„?34 

•2 

602 

542 

453 

336 

194 

031 

.98846  , 

3 

426 

365 

^75 

.989^4 

014 

.98849 

663  ' 

4 

258 

195 

103 

.98839 

672 

485 

1 

0^ 

032 

.98938 

817 

670 

501 

3" 

.98046 

.98877 

780 

656 

507 

335 

142 

7 

7?9 

627 

500 

347 

172 

•^I^ 

8 

66b 

584 

478 

346 

189 

009 

9 

524 

442 

331 

193 

031 

.97846 

641 

10 

393 

304 

187 

043 

•97875 

685 

475 

II 

267 

171 

047 

.97897 

723 

527 

312 

•12 

026 

041 

.97910 

753 

573 

371 

/5°  1 

13 

.97914 

775 

611 

424 

216 

.96989  ' 

14 

.97911 

790 

643 

472 

278 

063 

829 

15 

800 

669 

514 

334 

m 

.96911 

1 
670 

10 

§3 

552 

387 

199 

.96990 

760 

5" 

17 

433 

259 

062 

844 

607 

352  1 
189  , 

18 

473 

3^3 

129 

•96923 

697 

452 

19 

363 

191 

•96997 

782 

547 

294 

023 

20 

252 

068 

864 

639 

395 

134 

^%  \ 

21 

139 

•^1 

729 

495 
348 

242 

•95973 

22 

024 

592 

087 

809 

5«6 

23 

.96907 

689 

453 

199 

•95929 

643 
476 

rd 

24 

787 

558 

312 

048 

769 

25 

665 

424 

168 

•95895 

607 

306 

•94991 

26 

539 

287 

020 

442 

133 

810  1 

H 

406 

144 

.95867 

576 

272 

•94955 

625 
438 

28 

268 

.95996 

710 

410 

098 

774 

29 

125 

844 

548 

241 

.94922 

590 

248  1 

30 

•95977 

686 

382 

067 

741 

403 

.93860 

31 

.J 

524 

212 

.94890 

557 

214 

32 

665 

357 

038 

709 

370 

021 

662 

33 

502 

.94860 

525 

180 

■'iu 

461  ! 

34 

334 

on 

679 

337 

•93986  1 

257 

35 

162 

.94832 

494 

146 

790  i 

425 

25' 

36 

.94986 

650 
464 

306 

.93952 

591 

221 

.^2843  1 

37 

805 

114 

756 

390 

016 

634 

38 

620 

273 

•93919 

556 

186 

.92808 

422 

39 

431 

079 

720 

353 

.92979 

597 

208 

40 

238 

.93882 

518 

148 

770 

385 

.91992 

41 

042 

682 

314 

.92940 

558 

170 

774  1 

42 

.93842 

478 

107 

729 

344 

.91952 

554  , 

43 

639 

271 

.92807 

516 

128 

733 

^^l    1 

44 

433 

062 

685 

301 

.91910 

513 

108  ' 

45 

226 

.92852 

472 

085 

692 

291 

.90884  ' 

46 

017 

640 

257 

.91868 

472  ' 

069 

660 

47 

.92806 

426 

041 

649 

250 

.90845 

434 

48 

593 

211 

.91823 

429 

028  ; 

621 

207  , 

49 

379 

•91995 

604 

208 

.90805  1 

1 

396 

•89979 

50 

1 

162 

776 

384 

.90985 

580 

168 

750 
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DENSITY  OF  MIXTURES 


OF  ETHYL  ALCOHOL  AND  WATER  IN  CRAMS 
PER    MILLILITER. 


1  Percent 
;  C^HspH 

Temperature. 

by  weight 

iqOC. 

i5<>C. 

»oC. 

2500. 

3oPC. 

35**  c. 

40OC. 

■  5° 

0.92162 

0.91776 

0.91384 

0.90985 

0.90580 

0.90(68 

0.89750 

,  S« 

•9^943 

555 

160 

760 

353 

.89940 

^ 

:   52 

723 

333 

•90936 

534 

0  I'^l 

710 

53 

502 

110 

711 

307 

.89896 

479 

056 

54 

279 

.90885 

485 

079 

667 

248 

.88823 

% 

055 

659 

258 

.89850 

437 

016 

.589 

.90831 

433 

«  ?3i 

621 

206 

.88784 

356 

57 

607 

207 

•89803 

392 

.88975 

552 

122 

58 

381 

.89980 

574 

162 

744 

319 

.87888 

59 

154 

752 

344 

.88931 

512 

085 

653 

60 

.89927 

523 

"3 

699 

278 

.87851 

417 

61 

698 

293 

.88882 

466 

044 

615 

180 

62 

46S 

062 

650 

0  ^33 

.87809 

379 

.86943 

^3 

237 

.88830 

417 

.87998 

574 

142 

':d 

64 

006 

597 

183 

763 

337 

.86905 

% 

.88774 

364 

.87948 

527 

100 

667 

227 

541 

0  i3° 

713 

291 

.86863 

429 

.85987 

^ 

308 

.87895 

477 

054 

H^ 

190 

747 

68 

074 

660 

241 

.86817 

387 

.85950 

5?7 

69 

.87839 

424 

004 

579 

148 

710 

266 

70 

602 

0  '^7 

.86766 

340 

.85908 

470 

.  025 

71 

365 

.86949 

527 

100 

667 

228 

.84783 

72 

127 

710 

287 

.85859 

426 

.84986 

540 

73 

.86888 

470  • 

047 

618 

184 

743 

297 

74 

648 

229 

.85806 

376 

,84941 

500 

053 

75 

408 

.85988 

564 

0  J34 

698 

257 

.83809 

1   ^^ 

168 

747 

322 

.84891 

455 

.8376? 

564 

1  71 

.85927 

505 

079 

647 

211 

319 

\      78 

685 

262 

.84835 

403 

.83966 

523 

074 

i   79 

442 

018 

590 

158 

720 

277 

.82827 

80 

0  '97 

.84772 

344 

.8391 1 

473 

029 

578 

!   81 

.84950 

525 

096 

664 

224 

.82780 

329 

82 

702 

277 

.83848 

415 

.82974 

530 

079 

§3 

453 

028 

599 

164 

724 

279 

.81828 

84 

203 

.83777 

348 

.82913 

473 

027 

576 

^  II 

•83951 

525 

«  295 

660 

220 

•81774 

322  1 

697 

271 

.82840 

405 

.81965 
708 

5^9 

«°^7 

87 

441 

014 

583 

148 

262 

.80811 

88 

181 

.82754 

'   .323 

.81888 

448 

003 

552 

89 

.82919 

492 

062 

626 

186 

.80742 

291 

1 

90 

6154 
386 

227 

.81797 

362 

.80922 

478 

028 

91 

.81959 
688 

529 

«  294 

384 

211 

.79761 

92 

114 

•8o^^3 

.80823 

•79941 

491 

93 

.81839 

413 

549 

III 

669 

220 

94 

1 

561 

134 

705 

272 

.79835 

393 

.78947 

;  95 

0  -78 

.80852 

424 

.79991 

555 

114 

670 

'  96 

.80991 

566 

'A 

706 

271 

.78831 

388 

■    ^Z 

698 

274 

.79846 

.415 

.78981 

542 

100 

98 

399 

•79975 

547 

117 

684 

247 

.77806 

99 

1 

094 

670 

243 

.7S814 

382 

•77946 

507 

1 

1 

1  100 

1 

.79784 

360 

.78934 

506 

075 

641 

203 
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Table  110. 

- 

1 

1 

DENSITIES  OF  AQUEOUS  MIXTURES  OF  METHYL  ALCOHOL, 

CANE  SUCAR,  OR  SULPHURIC  ACID. 

• 

Per  cent 
by  weight 

of 
substance. 

Methyl 
Alcohol. 

Cane 

Sugar. 

20° 

Sulphuric 
Add. 

1     Per  cent 
by  weight 

of 
substance. 

MeUiyl 
Alcohol. 

Cane 

Sugar. 

20O 

Sulphuric    1 
Add. 

O 

0.99913 

0.998234 

0.99823 

50 

0.91852 

1.229567 

1-39505 

1 

•99727 

1.002120 

1.00506 

51 

.91653 

1.235085 

1.40487 

2 

•99543 

I.006015 

1.01178 

52 

.91451 

I. 24064 I 

1.41481 

3 

.99370 

1.009934 
1. 01 388 1 

1. 01 839 

S3 

.91248 

1.246234 
I.2518& 

1.42487    1 

4 

.99198 

1.02500 

54 

.91044 

1.43503 

7 

.99029 

1. 01 78  54 

1. 031 68 

1^ 

57 

•90839 

».257535 

1.44530 
1.45568 
1.46615    ' 

.98864 
.98701 

1.02 1855 
1.025885 

1.03843 
1.04527 

.90631 
.90421 

1.263243 
1.268989 

8 

■98547 

1 .029942 

1. 052 1 6 

58 

.90210 

1.274774 

1.47673 

9 

.98394 

1.034029 

1.05909 

59 

•89996 

1.280595 

1.48740 

10 

.98241 

1. 038 1 43 

1.06609 

60 

.89781 

1.286456 

1.4981S 

II 

•98093 

1.042288 

1.07314 

61 

■89563 

1.292354 

1.50904 

1        i^ 

.97945 
.97802 

1.046462 

1.08026 

62 

.89341 

1. 298291 

1.51999 

13 

1.050665 

1.08744 

63 

.88890 

1.304267 

1.53102  ! 

14 

.97660 

1.054900 

1.09468 

64 

1.310282 

1.54213 

:i 

.97518 

1. 059 1 65 
1.003460 

1.10199 

il 

.88662 

1.316334 

I  55333 
1.56460 

•97377 

1. 10936 

•88433 

1.322425 

17 

•97237 

1.067789 

1.11679 

57 

.88203 

1.32S554 

1.57595 

18 

.97096 

I.072147 

1. 1 2428 

68 

.87971 

1.334722 

1.58739 

19 

•96955 

1.076537 

1-13183 

69 

•87739 

1.340928 

1.59890 

20 

.96814 

1.080959 

1.^3943 

70 

•87507 

1.347 1 74 

1.61048 

21 

•96673 

1.08  5414 

1. 14709 

71 

.87271 

1.353456 

1.62213 

22 

.96533 

1.089900 

I.I  5480 

72 

.87033 

1359778 

1.63384 

23 

.96392 

1.094420 

1. 162  58 

73 

.86792 

1.366139 

1.64560 

24 

.96251 

1.09897 1 

1. 1 7041 

74     . 

.86546 

^•372536 

1.65738 

l^ 

.96108 

I-I01557 
1.10817c 
I.I  12828 

1. 17830 

l^ 

.86300 

1-378971 

1.66917 

•95963 

1. 18624 

.86051 

1,385446 

1.68095 
1.6923; 

27 

.95817 

1.19423 

77 

.85801 

1.391956 

28 

.95668 

1.117512 

1.20227 

78 

.85551 

1.398505 

1.70433 
1.71585 

29 

.95518 

1.122231 

1. 21036 

79 

.85300 

1. 405091 

30 

.95366 

1. 126984 

1.21850 
1.22669 

80 

.85048 

1.411715 

1.72717 

31 

■95213 

1.131773 
1. 1 36596 

81 

.84794 

1. 4 1 8374 

1.73827 

32 

.95050 

1.23492 

82 

.84536 

1.425072 

1.74904 

33 

.94896 

1.141453 

1.24320 

?3 

.84274 

1431807 

I  75943 
1.76932 

34 

•94734 

I. I 46345 

1.25154 

84 

.84009 

1.438579 

35 

.94570 

1.151275 

1.25992 

U 

.83742 

1.445388 

1.77860 

36 

.94404 

1. 1 56238 

1.26836 

.83475 

1.452232 

1.78721 

. 

37 

•94237 
.94067 

1.161236 

1.27685 

87 

.83207 

1.459114 

1.79509 

38 

1. 166269 

1.28543 

88 

.82937 
.82667 

1.466032 
1.472986 

1.80223 

39 

.93894 

1.171340 

1.29407 

89 

1.80S64 

40 

.93720 

1. 1 76447 

1.30278 

90 

•82396 

1.479976 

1.81438 

41 

•93543 

1.181592 

1-3"  57 

91 

.82124 

1.487002 

1. 8 1 950 

42 

.93365 

1. 186773 

1.32043 
1.32938 

92 

.81849 

1.494063 

1. 8240 1 

43 

•93185 

1.191993 

93  • 

.81568 

1.5011Q8 

1.82790 

44 

.93001 

1. 197247 

1.33843 

94 

.81285 

1.508289 

1.83115 

45 

.92815 

1.202540 

1.34759 
1.35686 

95 

.80999 

1.522656 

1.83368 

46 

.92627 

1 .207870 

•80713 

1.83548 

47 

.92436 

1.213238 
1.218643 
1.224080 

1.36625 

97 

.80428 

1. 529891 

1.83637 

48 

.92242 

1.37574 

98 

.80143 

1.537161 

1.83605 

49 

.92048 

1.38533 

99 

•79859 

1.544462 

SO 

.91852 

1.229567 

1.39505 

100 

.79577 

1.551800 

(i)     Calculated  from  the  specific  gravity  determinations  of  Doroschevski  and  Rozhdestvcnski  at 
15^/15°  C. ;  J.  Russ.,  Phys.  Chem.  Soc,  41,  p.  977,  1909 

!2)     According  to  Dr.  F.  Plato;  Wiss.  Abh.  der  K.  Normal-Eichungs-Kommission,  2, p.  153, 1900. 
3)     Calculated  from  Dr.  Domke*s  table;  Wiss.  Abh.  der  K.  Normal-Eichungs-Kommission, 
5,  p.  131,  1900. 

All  reprinted  from  Circular  19,  U.S.  Bureau  of  Standards,  191 3. 
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The  following  table  gives  the  density  as  the  weight  in  grams  of  a  liter  (normal  liter)  of  the  gas 
at  o^  C,  76  cm  pressure  and  standard  gravity  (sea-level,  45°  latitude),  the  specific  gravity  refenred 
to  dry,  caxix)n-aioxide-free  air  and  to  pure  oxygen,  and  the  weight  in  poimds  per  cubic  foot.  Dry, 
caj-bon-dioxide-free  air  is  of  remarkably  imiform  density;  Guye,  Kovacs  and  Wourtzel  found  maxi- 
mum variations  in  the  density  of  only  7  to  8  pfLrts  in  10,000.  For  highest  acau:acy  pure  oxygen 
should  be  used  as  the  standard  gas  for  specific  gravities.  Observed  densities  are  dosely  propor- 
tional to  the  molecular  weights. 


Gas. 


Air 

Acetylene 

Ammonia 

Aigon 

Bromine 

Butane 

Carbon  dioxide 

Carbon  monoxide. . 
Chlorine 

Coal  gas , 

Cyanogen 

Ethane 

Ethylene 

Fluorine 

HeUum 

Hydrobromic  acid. 
Hydrochloric  add. 
Hydrofluoric  add. . 

Hydrogen 

Hydrogen  sulphide 

Krypton 

Metnane 

Methyl  chloride. . . 

Methyl  ether 

Neon 

Nitrogen 

Nitric  oxide 

^trous  oxide 

Oxygen 

Propane 

Steam  at  100^  C. . . 
Sulphur  dioxide. . . 
Xenon 


Fonnida. 


ca 

NH, 

A 

Bii 

C4H10 

COi 

CO 

cu 


CN, 

CjHe 

C,H4 

F, 

He 

HBr 

HQ 

HF 

H, 

HsS 

Kr 

CH« 

CHjCl 

CaHiO 

Ne 

Nj 

NO 

NsO 

Ot 

CJH, 

HiO 

SO, 

X 


Weight  of 
nonnal 
liter  in 
gruns. 


{ 


1.3930 

1.1791 

0.7708 

1.7809 

7.14 

2.594 
1.9768 

1.2504 

3-221 

0.41  to 

0.96 

2,323 

1.3562 

1.2609 

1.70 

0.178s 

3-6i6 
1.6398 
0.922 
0.08987 

1-538 

3-708 

0.7168 

2.304 

2.  no 

0.9002 

1.2507 

1.3402 

1.9777 
1.42905 

2.0196 

0.598 

2.9266 

5.851 


Spedfic  gravity. 


Air 


{ 


I. 0000 
0.9119 
0.5961 

1.3773 
5. 52 
2.006 

1.5289 
0.9671 
2.491 
0.32  to 

0.74 
1.797 

1.0489 

0.9752 

1. 31 

0.1381 

2.797 

1 .  26&2 
0.713 
0.06950 
1. 189 

2.868 

0.5S44 
1.782 

1.632 

0.6962 

0.9673 

1.0365 

1.5296 
I. 1052 
1.5620 
0.462 
2.2634 

4.525 


0»-i 


( 


0.9048 
0.8251 

0.5394 
I . 2462 

S-oo 

1.815 

1-3833 
0.8750 

2.254 
0.29  to 
0.67 
1.626 

0.9490 
0.8823 

1. 19 
0.1249 

2.530 

T-  •  1475 
0.645 

0.06289 

1.076 

2.595 
0.5016 

1. 612 

1-477 
0.6299 

0.8752 

0.9378 

1-3839 
I. 0000 

I. 4132 
0.418 
2.0479 
4.094 


Pounds  per 
cubic  foot. 


{ 


0.08072 

0.07361 

0.04812 

0.11118 

0.446 

O.1619 

0.12341 

0.07806 

O.2011 

0.026  to 

0.060 

0.1450 

0.08467 

0.07872 

0.106 

0.01115 

0.2257 

0.10237 

0.0576 

0.005610 

0.09602 

0.2315 

0.04475 

0.1438 

0.1317 

0.05620 

0.07808 

0.08367 

0.12347 

0.089214 

0.12608 

0.0373 

0.18270 

0.3653 


Refer. 


I 

2 

3 
3 
4 
4 
3 
3 
3 


4 

5 
2 

6 

14 

4 

3 
8 

9 

3 

7 

5 
10 

10 

7 

3 

3 

3 
II 

12 

13 
3 
7 


References:  (i)  Guye,  Kovacs,  Wourtzel,  Jour.  chim.  phys.,  10,  p.  332,  191 2; 
(2)  Stahrfoss,  ArcL  Sc.  phys,  et  nat.,  IV,  28,  p.  384,  1909;  (3)  Guye,  Jour.  chim. 
phys.t  St  p.  203,  1907  (contains  review  of  best  determinations  and  indicates  most  proba- 
ble values);  (4)  Computed;  (5)  Baiune  and  Penot,  Jour.  chim.  phys.,  7,  p.  369,  1909; 
(6)  Moissan,  C.  R.,  138,  1904;  (7)  Watson,  Jour.  Chem.  Soc,  97,  p.  833,  1910;  (8) 
Thorpe,  Hambley,  Jour.  Chem.  Soc.,  53,  p.  765,  1888;  (9)  Morley,  Smithsonian  Con- 
tributions to  Knowledge,  1895;  (10)  Baume,  Jour.  chim.  phys,,  6,  p.  i,  1908;  (11)  Ger- 
mann,  Jour,  of  Phys.  Chem.,  19,  p.  437,  1915;  (12)  Timmermans,  C.  R.,  158,  p.  789, 
1914;   (13)  Peabody's  Steam  Tables,.  1909;   (14)  Taylor,  Phys.  Rev.,  10,  p.  653,  191 7. 
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Table  112. 
VOLUME   OF  CASES. 


TalVM  of  1  +  .00367 1, 

The  quantity  i  +  .00367  t  gives  for  a  gas  the  volume  at  fi  when  the  pressure  is  kept 
constant,  or  the  pressure  at  fi  when  the  volume  is  kept  constant,  in  terms  of  the 
volume  or  the  pressure  at  0°. 

(a)  This  part  of  the  table  gives  the  values  of  i-|-. 00367 /for  values  of  t  between  o® 
and  10^  C.  by  tenths  of  a  degree. 

(b)  This  part  gives  the  values  of  i  +.00367/  for  values  of  /  between -^go°  and  -f- 1990® 
C.  by  10°  steps. 

These  two  parts  serve  to  give  any  intermediate  value  to  one  tenth  of  a  degree  by  a  sim- 
ple computation  as  follows  :  —  In  the  (3)  table  find  the  number  corresponding  to 
the  nearest  lower  temperature*  and  to  this  number  add  the  decimal  part  of  the 
number  in  the  (a)  table  which  corresponds  to  the  difference  between  the  nearest 
temperature  in  the  {6)  table  and  the  actual  temperature.  For  example,  let  the 
temperature  be  682°.2 : 

We  have  for  6S0  in  table  (i)  the  number  ....    3.49560 

And  for  2.2  in  table  (a)  the  decimal .00807 

Hence  the  number  for  682.2  is 3-50367 

(O)  This  part  gives  the  logarithms  of  i -f- .00367  /  for  values  of  /  between — 49°  and 

+  399°  C  by  degrees, 
(d)  This  part  gives  the  logarithms  of  i  +  .00367  /  for  values  of  t  between  400°  and  1990° 

C.  by  10®  steps. 

(a)  Taliui  of  l  +  .00367e  for  TaluM  of  t  iMtwoon  O''  and  lO""  0.  mr  Tontlis 

of  a  DogXM. 


t 

0.0 

0.1 

0.2 

0.3 

0.4 

0 

1. 00000 

1.00037 

1.00073 

1.OOIIO 

1. 00147 

I 

•003^ 

.00404 

.00440 

.00477 

.00514 
.00881 

2 

.00734 

.00771 

.00807 

.00844 

3 

.01101 

.01138 

.01174 

.01211 

.01248 

4 

.01468 

•01 505 

.01541 

.01578 

.01615 

5 

I.OI835 

1.01872 

1.01908 

1. 01 945 

1.01982 

6 

.02202 

.02239 

.02275 

.02312 

•02349 

7 

.02569 

.02606 

.02642 

.02679 

.02716 

8 

.02936 

.02973 

.03009 

.03046 

•03083 

9 

•03303 

•03340 

•03376 

.03413 

•03450 

t 

0.6 

0.6 

0.7 

0.8 

0.9 

0 

1.00184 

1.00220 

1.00257 

1 .00294 

1.OOJ30 
.00697 

I 

.00550 

.00587 

.00624 

.00661 

2 

.00918 

.00954 

.00991 

.01028 

.01064 

3 

.01284 

X)i32r 

.01358 

•01395 

.01431 

4 

.01652 

.01688 

.01725 

.01762 

.01798 

5 

1. 0201 8 

1.02055 

1.02092 

1.02 1  29 

1. 02 1 65 

6 

.02386 

.0242  z 

.02459 

.02496 

.02C32 

7 

.02752 

.02789 

.02826 

.02863 

.02899 

8 

.031 20 

.03156 

•03193 

.03290 

.03266 

9 

.03486 

•03523 

.03560 

•03597 

•03633 
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(II)  TalvM  of  1  +  .00867t  for  TalVM  of  t  iMtwoon  —90''  and  +  1990°  0.  \j 

10^  Stvpi. 


.  t 

00 

10 

20 

30 

40 

—000 

4000 

100 
200 

300 

400 

500 

600 
700 
800 
900 

1000 

IIOO 

1200 
1300 
1400 

1500 

1600 
1700 
1800 
1900 

2000 

1.00000 

1.00000 
1.36700 
1.73400 
2.10100 
2.46800 

2.83500 
3.20200 
3.56900 
393600 
4.30300 

4.67000 
5.03700 
5.40400 
5-77 100 
6.13800 

6.150500 
6.87200 
7-23900 
7.60600 
797300 

8.34000 

0.96330 

• 

1.03670 

M0370 
1.77070 
2.13770 
2.50470 

2.87170 

3-23870 
3.60570 

3-97270 
4-33970 

4.70670 

5-07370 
5.44070 

5-80770 
6.17470 

6.54170 
6.90870 
7.27570 
7.64270 
8.00970 

8.37670 

0.92660 

1.07340 
1.44040 
iA>740 
2.17440 
2.54140 

2.90840 

3-27540 
3.64240 
4.00940 
4-37640 

4-74340 
5.11040 

5-47740 
5-84440 
6.2  II 40 

6.57840 
6.94540 
7-31240 
7.67940 
8.04640 

8.41340 

0.88990 

I.IIOIO 

1.47710 
1. 84410 
2.21 1 10 
2.57810 

2.94510 
3.31210 

367910 
4.04610 
4.41310 

4.78010 

5-14710 
5.51410 
5.881 10 
6.24810 

6.61 510 
6.98210 
7.34910 
7.71610 
8.08310 

8.45010 

0.85320 

1. 14680 
1.51380 
1.88080 
2.24780 
2.61480 

2.98180 
3-34880 

3-7i58o 
4.08280 
4.44980 

4.81680 
5.18380 
5.55080 
5.91780 
6.28480 

6.65180 
7.01880 
7.38580 
7.75280 
8.1 1980 

8.48680 

t 

60 

60 

70 

80 

90 

-000 
+000 

100 

200 
300 
400 

500 

600 

900 
1000 

IIOO 

1200 
1300 
1400 

1500 

1600 
1700 
1800 
1900 

2000 

0.81650 

1. 18350 
1.55050 
1.91750 
2.28450 
2.65150 

3.01850 

3-38550 
3-75250 
4-11950 
4.48650 

4-85350 
5.22050 

5-58750 
S-95450 
6.32150 

6.68850 

7-05550 
7.42250 
7.78950 
8.15650 

8.52350 

0.77980 

1.22020 
1.58720 
1.95420 
2.32120 
2.68820 

3.05520 
3.42220 
3.78920 
4.15620 
4.52320 

4.89020 
5.25720 
5.62420 
5.99120 
6.35820 

6.72520 
7.09220 
7.45920 
7.82620 
8.19320 

8.56020 

0.74310 

1.25690 
1.62390 
1.99090 

2.35790 
.2.72490 

3.09190 
3.45890 
3.82590 
4.19290 
4-55990 

4.92690 
5.29390 
5.66090 
6.02790 
6.39490 

6.76190 
7.12890 
7.49590 
7.86290 
8.22990 

8.59690 

0.70640 

1.29360 
1.66060 
2.02760 
2.39460 
2.76160 

3.12860 
3-49560 
3.86260 
4.22960 
4.59660 

4.96360 
5-33060 
5.69760 
6.06460 
6.43160 

6.79860 
7.16560 
7-53260 
7.89960 
8.26660 

8.63360 

0.66970 

1-33030 
1.69730 
2.06430 

2.43130 
2.79830 

3-16530 
3-53230 

3-89930 
4.26630 

4.63330 

5.00030 

5-36730 
5-73430 
6.10130 
6.46830 

6.83530 
7.20230 
7-56930 
7-93630 
8.30330 

8.67030 
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VOLUME   OF 


(o)  Locaiitliiiii  of  l  +  .00Se7f  for  Talaoi 


t 

0 

1 

2 

3 

4 

Mean  di£F. 
per  degree. 

—  40 

~30 

—  20 

—  lO 

—  0 

T 931051 

•949341 
.966892 

.983762 

0.000000 

T.929179 
.947546 
.965169 
.982104 
.998403 

T.927299 

•945744     • 
•963438 
.980440 
.996801 

r.925410 

•943934 
.961701 

.978769 

.995192 

i"-9235i3 
.942117 

•959957 
.977092 

•993577 

Z884 

1805 

1605 

+  0 

lO 
20 

30 

40 

0.000000 

•015653 
.030762 

.045362 

.059488 

0.001591 
.017188 
.032244 
.046796 
.060875 

0.003176 
.018717 
.033721 
.048224 
.062259 

0.004755 
.020241 

.035193 
.049648 

.063637 

0.006329 
.021760 
.036661 
.051068 
.005012 

'  1583 
1526 

1474 

1426 

I38I 

50 

60 

70 
80 

90 

0.073168 

.086431 
.099701 
.in8oo 
.123950 

0.074513 

•087735 
.100567 

.113030 
.125146 

0.075855 
.089036 
.101829 

•"4257 
.126339 

0.077190 

•090332 
.103088 

.115481 
.127529 

0.078522 
.091624 
.104344 
.116701 
.128716 

1335 
1299 

1259 

1226 
1191 

100 

no 
120 

130 
140 

0.135768 
.147274 
.158483 
.169410 
.180068 

0.136933 
.248408 

.159588 

.170/188 

.i8n2o 

0.138094 

•149539 
.160691 

•171563 
.182169 

0.139252 
.150667 
.161790 
.172635 
.183216 

0.140408 

•173705 
.184260 

ZI58 
1129 

IIOI 

1074 
1048 

150 

160 
170 
180 
190 

0.190472 
.200632 
.210559 
.220265 
.229759 

0.19 1 498 
.201635 
.211540 
.221224 
.230697 

0.192523 
,202635 
.212518 
.222180 
.231633 

0.193545 
.203634 

.213494 

•223135 
.232567 

0.194564 
.204630 
.214468 
.224087 

•233499 

1023 

1000 

976 

956 

935 

200 

210 
220 
230 
240 

0.230049 
.248145 
.257054 
.265784 
•274343 

0.239967 
•249044 
•257935 

.275189 

0.240884 
.249942 
.258814 
.267510 
.276034 

0.241798 
.250837 
•259692 
.268-570 

•276877 

0.242710 

.200567 
.269228 
.277719 

878 
861 
844 

250 

260 
270 
280 
290 

0.282735 
.290969 
.299049 
.306982 

•314773 

0.283566 
.291784 
.299849 
.307768 

•315544 

0.284395 
.292597 

.308552 
•3>63i4 

0.285222 
.293409 

•301445 
•309334 
.317083 

0.286048 
.294219 
.302240 
•3ion5 
.317850 

8a8 

79^ 
769 

300 

310 
320 

330 
340 

0.322426 
•329947 

•337339 
.344608 

•351758 

0.323184 
.330692 
.338072 

•345329 
.352466 

0.323941 

•331435 
.338803 

.34604? 
•353174 

0.324696 

•332178 

•339533 
•346766 

.353880 

0.325450 

•332919 
.340262 

.347482 
•354585 

756 

743 
730 
719 
707 

350 

360 

380 
390 

0.358791 
•365713 
•372525 
•379233 
•385439 

0.359488 

•366399 
.373201 

•379898 
.386494 

0.360184 

.367084 

•373875 
.380562 

.387148 

0.360879 
.367768 

•374549 
.381225 

.387801 

0.361573 
.368451 

•375221 
.381887 

.388453 

696 

684 

674 
664 

654 
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•C  t 


— 4a»  and  ■\-9MP  0.  by  DagrN» 


1 

6 

6 

7 

8 

8 

Mean  diff. 
per  degree. 

—  40 

—  30 

—  20 
— 10 

—  0 

1.921608 
.940292 
.958205 
.975409 

•991957 

1. 91 9695 
.938460 
.956447 

•9737^9 
•990330 

1. 91 7773 
.936619 

.954681 

.972022 

•988697 

1. 91 5843 

•934771 
.952909 

.970310 

.987058 

T.913904 
•932915 

•985413 

1926 
1845 

'^ 
1636 

+  0 

10 
20 

30 
40 

aoo7897 

.02J273 

.038123 
.052482 
.066382 

0.009459 
.024781 
.039581 

•053893 
.067748 

0.011016 
.026284 
.041034 
.055298 
.069109 

0.012567 
.027782 
.042481 
.056699 
.070466 

0.014113 
.029274 
.043924 
.058096 
.071819 

1554 
1500 

1450 
1402 

1359 

50 

60 

70 
80 

.    .90 

0.079847 
.092914 

•105595 
,117917 

.129899 

0.081 1 74 
.094198 
.106843 
.119130 
.131079 

0.08249c 
.095486 
.108088 
.120340 
.132256 

0.08381 1 
.096765 
.109329 

.121547 
•133430 

0.085123 
.098031 
.110566 
.122750 
.134601 

1315 
1281 

1243 
1210 

"75 

100 

IIO 

120 

130 
140 

0. 141 559 
.152915 
.163981 

.174772 
.185301 

0.142708 

.154034 
.164072 

.175836 

.186340 

0.143854 

•155151 
.166161 

.176898 

0.144997 
.156264 
.167246 

•'77958 
.188411 

0.146137 

•157375 
.168330 

.179014 
.189443 

"44 

1087 
1060 

1035 

150 

160 

170 
180 
190 

0.195581 
.205624 

•215439 
.225038 

.234429 

0.196596 
.206615 
.216409 
.225986 

•235357 

0.197608 
.207605 

.217376 
.226972 
.236283 

0.198619 
.208592 
.218341 
.227876 
.237207 

0.199626 

•209577 
.219304 
.228819 

.238129 

ZOII 

988 
966 
946 
925 

200 

210 

220 

230 
240 

0.243621 
.252623 
.261441  . 
.270085 
.278559 

0.244529 

•2535»2 
.262313 
.270940 
•279398 

0.245436 
.254400 
.263184 

.271793 
.280234 

0.246341 
.255287 
.264052 

.272644 
.281070 

0.247244 
.256172 
.264919 

.273494 
.281903 

906 

887 
870 

836 

250 

260 

270 
280 
290 

a286872 
.295028 

•303034 
.310895 

.318616 

• 

0.287694 

•295835 
•303827 
•3"673 

.3^9381 

.304618    , 

.312450 

.320144 

0.289326 
.297445 

.305407 
.313226 

.320906 

0.290153 
.29S248 
.306196 
.314000 
.321667 

820 

805 

790 
776 
763 

300 

310 
320 

330 
340 

0.326203 

•333659 
.340989 

.348198 

.355289- 

0.326954 

•334397 

•341715 
.348912 

•355991 

0.327704 

•335'35 
.342441 
.349624 

•356693 

0.328453 

•335871 
.343164 
•350337 
•357394 

a3292oi 
.336606 

.343887 
.351048 

•358093 

750 

72n 
724 

713 
701 

350 

360 

370 
380 

390 

a362266 

•369^32 
.375892 
.382548 

.389104 

.376562 
.383208 
•389754 

0.363648 
•370493 

,  ■'& 

•390403 

0.364337 

.371171 

•3779^ 

•384525 
.391052 

.  0.365025 
.371849 
•378567 
.385183 
•391699 

690 

678 

668 
658 
648 
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Table    112  {ctmHmud), 


VOLUME  OF  OASES. 

(d)  LogazillmiB  of  l  +  .00S67e  for  TalVM  of  t  betwoon  400<'  and  IWOP  0.  by  10°  Stopk 


t 

00 

10 

20 

ao 

40 

400 

500 

6oo 
700 
800 
906 

1000 

IIOO 

1200 
1300 
1400 

1500 

1600 
1700 
1800 
1900 

0.392345 

0.452553 
.505421 

•552547 
•595055 
■633771 

0.669317 

.702172 

•732715 

.761251 

.788027 
0.813247 

.837083 

•859679 
.881156 

.901622 

0.398756 

0.458139 

.510371 
.556990 
•599086 
.637460 

0.672717 

•705325 

■735655 
.764004 
.790616 

0.81 5691 

•839396 
.861875 
■883247 
•903616 

0.405073 

0.463654 

.515264 
•561388 

.603079 
.641117 

0.676090 

.708455 

•738575 
.766740 

.793190 

0.818120 
.841697 
.864060 
.885327 
.905602 

0.41 1300 

0.469100 
.520103 
.565742 
.607037 
•644744 

0.679437 
.711563 
.741475 
.769459 
•795748 

0.820536 
.843986 
.860234 

.887398 
.907578 

0.417439 

0^474479 
.524889 

.570052 

.610958 

.648341 

0.682759 
.714648 

•744356 
.772160 
.798292 

0.8229^9 
.846263 
.868398 

.889459 
•909545 

t 

t 

60 

60 

70 

80 

00 

400 

500 

600 

900 
1000 

IIOO 

1200 
1300 
1400 

1500 

1600 
1700 
1800 
1900 

0.423492 

0.479791 

•529623 
•574321 
.614845 
.651908 

0.686055 
.717712 
.747218 

.774845 
.800820 

0.825329 
.848528 
■870550 
.891510 
.911504 

0.429462 

0.485040 

•534305 
.578548 

.618696 
■655446 

0.689327 

•720755 
.750061 

■777514 
•803334 

0.827705 
.850781 
.872692 

•893551 
•913454 

0.435351 

,   0.490225 

•538938 

.582734 
.622515 

.658955 

0.692574 
.723776 
.752886 
.780166       1 
•805834 

0.830069 

•853023 
.874824 

•895583 
•915395 

0.441161 

0.495350 

1586880 
.626299 
•662437 

0.695797 
.726776 

.755692 
.782802 

.808319 

0.832420 

.855253 
.876945 

.897605 
.917327 

0.446894 
0.500415 

.548058 
.590987 

.630051 

.665890 

0.698996 

.729756 
.758480 
•785422 

.810790 

0.834758 
.857471 

.879056 

.899618 
.919251 
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RELATIVE  DENSITY  OF   MOIST  AIR  FOR  DIFFERENT  PRESSURES 

AND  HUMIDITIES. 
TABLE  118.— Yalnei  of  ^twt:*  from  &  =  1  to  A  =  9,  for  the  Computation  of  Different  Yalnei 

of  the  Ratio  of  Actual  to  Normal  Barometric  Freiinre. 

This  gives  the  density  of  moist  air  at  pressure  h  in  terms  of  the  same  air  at  normal  atmosphere  pres- 
sure. When  air  contains  moisture,  as  is  usually  the  case  with  the  atmosphere,  we  have  the 
following  equation  for  pressure  term:  A=B  — 0.378^,  where  e  is  the  vapor  pressure,  and  B  the 
corrected  barometric  pressure.  When  the  necessary  psycbrometric  observations  are  made  the  value 
of  e  may  be  taken  from  TahU  189  and  then  o^zySe  from  TaUe  1x5,  or  the  dew-point  may  be  found 
and  the  value  of  o.378#  taken  from  Table  2x5. 


Examples  of  Usb  of  the  Table. 

To  find  the  value  of  —  when  k  =.  754.3 

760 

k  :=  700  gives  .92105 

50  ;;  .065789 

4         .005263 

.3  '*  .000395 


h 

/i 
760 

1 

2 

3 

4 

1 

7 
8 

9 



0.001 31 58 
.0026316 
.0039474 

0.00526-2 
.006^89 
.0078947 

0.0092T05 
.0105263 
.0118421 

754-3 


•992497 


To  find  the  value  of  —  -  when  A  =  5.73 

760 

A  =  5  gives  .0065789 
.7  "  .0009210 
.03  "   .0000395 


5-73 


•OC7S394 


TABLE  114.  — Talum  of  the  logazillmiB  of  =^  for  yaliioa  of  h  betwoon  80  and  340. 

780 


Values  from  8  to  80  may  be  got  by  subtracting  t  from  the  characteristic 

characteristic,  and  so  on. 

,  and  from 

0.8  to  8  by  subtracting  2  from  the 

h 

Values  of  log  ^-. 
760 

0 

1 

2 

8 

4 

6 

8 

7 

8 

9 

80 

90 

1.02228- 
•07343 

T.02767 
.07823 

7.03300 
.08297 

7.03826 
•0J767 

7.04347 
.09231 

7.04861 
.09691 

7.05368 
.10146 

7.0587 1 
.10596 

7.06367 
.11041 

7.06858 
.11482 

100 

no 
120 

130 
140 

1.11919 
.16058 

•19837 

•233»3 
.26531 

1.12351 

.16451 
.20197 
.23646 
.26841 

7.12779 
.16840 

.20555 
.23976 

.27147 

7.13202 
.17226 
.20909 

•24304 
•27452 

7.13622 
.17609 
.21261 
.24629 

•27755 

7.14038 
.17988 
.21611 

•24952 
.28055 

7.14449 
.18364 

.21956 

.25273 

•28354 

7.14857 

.18737 
.22299 

•25591 
.2S650 

I.I  5261 
.19107 
.22640 

.25907 
■28945 

7. 1 5661 

•'9473 
.22978 

.26220 
.29237 

150 

160 
170 
180 
190 

r.29528 

•32331 
•34964 
•37446 
•39794 

T.29816' 
.32601 
.35218 
.37686 
.40022 

7.30103 
.32870 

•35471 
.37926 

.40249 

7.30388 

•33137 
•35723 
.38164 
.40474 

1.3067 1 

.33403 
•35974 
.38400 
.40699 

7.30952 

■33667 
.36222 

.38636 
.40922 

'"•31231 

•33929 
•36470 
.38870 
.41144 

7.31509 

.34190 
.36716 

.39128 
.41365 

7.31784 

•39334 
.41585 

r.32058 

•34707 
.37204 

■39565 
.41804 

200 

210 
220 
230 
240 

7.42022 
.44141 
.46161 
.48091 
49940 

T.42238 

•44347 
.46358 
.48280 
.50120 

7.42454 
•44552 

.46554 
.48467 

.50300 

7.42668 

•44757 
.46749 

.48654 
.50479 

7.42882 
.44960 

•46943 
.48840 

.50658 

7.43094 
.45162 

•47137 
.49025 

•50835 

i"-43305 
.45364 

•47329 
.49210 
.51012 

M3516 

•45565 
.47521 

•49393 
.51 188 

T.43725 

.45764 
.47712 

•49576 

.51364 

■'■•43933 

•45963 
.47902 

•49758 
•51539 

250 

260 
270 
280 
290 

.53416 

-56634 
.58158 

r.51886 

•53583 
.55216 

.56789 
•58308 

1.52059 

•53749 
•55376 
.56944 

•58457 

7.52231 
•53914 
•55535 
.57097 

1  .58605 

7.52402 

•54079 
.55694 
•57250 
•58753 

'"•52573 

•54243 
.55852 

■57403 
.58901 

"^•52743 
•54407 
.56010 

•57555 
.59048 

7.52912 
.54570 
.56167 
•57707 
•59194 

7.53081 

•54732 
.56323 

.57858 
•59340 

i"53249 

•54S94 

■56479 
.58008 

.59486 

300  T.  5963 1 
310  .61055 
320  .62434 

330!  -63770 
340  j  .65067 

^■•59775 

.62569 
.63901 
.65194 

7.59919 

•61334 
.62704 
.64032 
.65321 

7.60063 

•61473 
.62839 

,64163 

.65448 

7.60206 
.61611 
.62973 
.64293 

•65574 

7.60349 
.61750 
.63107 
.64423 
.65701 

7.60491 
.61887 
.63240 

•64553 
.65826 

7.60632 
.62025 

•63373 
.64682 

.65952 

7.60774 
.62161 
.63506 
.64810 
.66077 

7.6C914 
.62298 
.63638 

■64939 
.66201 
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Table    114  {cantinmd). 

DENSITY  OF  AIR. 


TalVM  of  lofaxltkms  of  ^  for  yalvoi  of  h  tittWMii  360  and  tOO. 

790 


h 

350 

360 

370 
380 

390 

Values  of  log   ^  . 
760 

0 

1 

2 

3 

• 

4 

6 

6 

7 

'  8 

9 

T.66325 
.67549 
.68739 
.69897 
.71025 

T.66449 
.67669 
.68856 
.70011 
.71136 

1.66573 
.67790 

.68973 
.70125 

.71247 

7.66696 
.67909 
.69090 
.70239 
•71358 

7.66819 
.68029 
.69206 

•70352 
.71468 

• 

1.66941 
.68148 
.69322 
.70465 
.71578 

7.67064 
.68267 

•69437 

7.67185 
.68385 

.69553 
.79690 

.71798 

1.67307 

.70802 
.71907 

7.67428 
.68621 

•69783 
.70914 

.72016 

400 

410 
420 

430 
440 

T.72125 

•73197 
.74244 

.75265 

.76264 

i".72233 

.73303 
•74347 
.75366 
.76362 

1. 7 2341 
.73408 

.74450 
.76461 

7.72449 
•735»4 
•74553 
•75567 
•70559 

172557 
•73619 

75668 
.76657 

7.72664 
.73723 
•74758 
.75768 

.70755 

7.72771 
.73828 
.74860 

7.72878 

•73932 
.74961 

•75967 
.76949 

7.72985 
.74036 

!7lo6^ 
.77046 

I  73091 
.74140 

.75164 
.76165 

.77143 

4%0 

460 
470 
480 

490 

7.77240 
.78194 
.79128 
.80043 
.80938 

^"•77336 
.78289 
.79221 
•80.133 
.81027 

T.77432 

.78383 

.79313 
.80223 

.81115 

7.77528 

•78477 
•79405 
•80313 
.81203 

7.77624 

.78570 
.79496 
.80403 
.81291 

7.77720 
.78664 
.79588 
.80493 

.81379 

7.77815 
.78757 

.79679 
.80582 

.81467 

7.77910 
.78850 

.79770 
.80672 

•81 554 

7.78005 

.78943 
.79861 

.80761 

.81642 

7.78100 
•79036 

m 

.81729 

500 

510 
520 

530 
540 

T.81816 
.82676 

•83519 
.84346 

.85158 

r.81902 
.82761 
.83602 
.84428 
.85238 

7.81989 
.82846 
.83686 
.84510 

.85319 

7.82075 
.82930 

.83789 
•84591 
•85399 

7.82162 
.83015 
.83852 
.84673 

.85479 

7.82248 
.83099 

.83935 
.84754 
.85558 

7.82334 

.83184 
.84017 

•8483s 
.85638 

7.&2419 
.83268 
.84100 
.84916 
.85717 

7.82505' 

•53352 
.84182 

.84997 
.85797 

7.82590 

.83435 
.84264 

.85076 

.85876 

550 

560 

580 
590 

i".85955 
.86737 
.87506 

.88261 
.89004 

7.86034 
.86815 
.87582 

.88336 
.89077 

7.861 13 
.86892 
.87658 

.88411 
.89151 

7.86191 
.86969 

.87734 
.88486 
.89224 

7.86270 
.87047 
.87810 
.88560 
.89297 

7.86348 
.87123 
.87885 
•88634 
.89370 

1.86426 
.87200 
.87961 
.88708 

•89443 

7.86504 
.87277 
.88036 
.88782 
.89516 

7.86582 

•?Z353 
.88111 

.88856 
.89589 

7.86660 
.87430 
.88186 

600 

610 
620 
630 
640 

T.89734 
.90452 
.91158 

•91853 
•92537 

7.89806 

.90523 
.91228 

.91922 

.92604 

7.89878 

•90594 
.91298 
.91990 
.92672 

•91367 
.92059 

.92740 

7.90022 

•90735 
•91437 
.92128 

.92807 

7.90094 
.90806 
.91 507 
.92196 

•92875 

7.90166 
.90877 
.91576 
.92264 
.92942 

1.90238 

.90947 
.91645 

.92333 
•93009 

1.90309 
.91017 

.91715 
.92401 

.93076 

^•9°38o 
.91088 

.91784 
.92469 

•93143 

650 

660 

670 

.  680 

6qo 

7.93210 

•93873 
•94526 
.95170 
.95804 

i".93277 

.93939 

.94591 

•95233 
.95866 

1-93343 
.94004 

.94656 

■95297 

.95929 

7.93410 
.94070 
.94720 

.95361 
•95992 

7.93476 

.94»35 
.94785 

■95424 
.96055 

^■93543 
.94201 

•94849 
.95488 
.96117 

1.93609 
.94266 

•94913 

.95551 
.96180 

i".93675 
•9433» 
.94978 
.95614 
.96242 

^.93741 
.94396 
.95042 

.95677 
.96304 

1.93807 
•94461 
.95106 

.95741 
•96366 

700 

710 
720 

7y> 
740 

T.96428 
.97044 
.97652 

.98842 

7.96490 
.97106 
.97712 
.98310 
.98900 

7.96552 
.97167 
•97772 
.98370 
.98959 

7.96614 
.97228 

.97832 
.98429 
.99018 

7.96676 
.97288 
•97892 
.98488 
•99076 

7.96738 
•97349 
.97951 
.98547 

.  .99134 

7.96799 
.97410 
.98012 
.98606 

■99193 

7.96861 

.97471 
.98072 

.98665 

.99251 

7.96922 

•97531 
.98132 

.98724 
•99309 

1.96983 
•97592 

•9!'2' 
.98783 

.99367 

750 

760 

\^ 

790 

r.99425 

0.00000 

.00568 

.01128 

.01681 

7.99483 

0.00057 

.00624 

.01184 

.01736 

7.99540 

0.00114 

.00680 

.01239 

.01791 

7.99598 
0.001 7 1 

•00737 
.01295 

.01846 

7.99656 

0.00228 

.00793 
.01350 

.01901 

i".997i3 
0.00285 

.00849 

.01406 

.01955 

i".9977i 
0.00342 

.00905 

.01461 

.02010 

7.99828 

0.00398 

.00961 

.01516 

.02064 

7.99886 

0.00455 

.01017 

.01571 

.02119 

1-99942 

0.0051 1 

.01072 

.01626 

.02173 
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Tables  118-U«. 
TABLE  116.  -  Valuei  of  0.878e.* 
This   table  gives   the   humidity  term   0.3 78^,   which  occurs  in  the   equation   6  »  do 


^3S 

760 


"  ^* ^r —  ^°'  '^^  calculation  of  the  density  of  air  containing  aqueous  vapor  at  pressure 

e\  do  is  the  density  of  dry  air  at  normal  temperature  and  barometric  pressure,  B  the  ob- 
served barometric  pressure,  and  h^  B  -  0.3  78^,  the  pressure  corrected  for  himiidity.    For 

values  of  —-,  see  Table  113.    Temperatures  are  in  degrees  Centigrade,  and  pressures  in  milli- 
meters of  mercury. 


e 

e 

e 

Dew 
point. 

Vapor 
pressure 

(ke). 

o.SjSe 

Dew 
point. 

Vapor 
pressure 
(water).    , 

o.378« 

Dew 
point. 

Vapor 
pressure 
(water). 

o.378« 

C 

mm 

mm 

C 

mm 

nun 

C 

mm 

mm 

-60« 

0.029 

O.OI 

0« 

4- 58 

1-73 

80* 

31.86 

12.0 

-45 

0.054. 

0.02 

I 

4.92 

1.86 

31 

33.74 

12.8 

-40 

0.096 

0.04 

2 

529 

2,00 

32 

35-70 

13.5 

-35 

0.169 

0.06 

3 

5.68 

2.15 

ss 

37   78 

14.3 

--U 

0.288 
0.480 

O.II 
0.18 

4 
6 

6.10 
6.54 

2.31 
2.47 

u 

39-95 
42.23 

15. 1 
16.0 

24 

0-530 

0.20 

6 

7-01 

2.66 

36 

44.62 

16.9 

23 

0.585 

0.22 

7 

7.51 

2.84 

37 

47-13 

17.8 

22 

0.646 

0.24 

8 

8.04 

3.04 

38 

49.76 

18.8 

21 

-do 

0,712 
0.783 

0.27 
0.30 

iS 

8.61 
9.21 

3.25 
3.48 

u 

52.51 
55.40 

19.8 
20.9 

19 

0.862 

0.33 

II 

9.85 

372 

41 

58.42 

22.1 

18 

0.947 

0.36 

12 

10.52 

3.98 

42 

61.58 

23.3 

17 

1. 041 

0.39 

13 

11.24 

4.25 

43 

64.89 

24-5 

16 

1. 142 

0.43 

14 

11.99 

4.53 

44 

68.35 

25.8 

-16 

1-252 

0.47 

16 

12.79 

4.84 

46 

71.97 

27.2 

14 

1-373 

0.52 

16 

13.64 

5.16 

46 

75-75 

28.6 

13 

1-503 

0.57 

17 

14.54 

5.50 

47 

79-70 

30.1 

12 

1.644 

0.62 

18 

15-49 

5-85 

48 

83.83 

31.7 

II 

1.798 

0.68 

19 

16.49 

6.23 

U 

88.14 

33.3 

-10 

1.964 

0.74 

ao 

17.55 

6.63 

92.6 

35.0 

9 

2.144 

0.81 

21 

18.66 

7.06 

51 

97.3 

36.8 

8 

2.340 

0.88 

22 

19.84 

7.50 

52 

102.2 

38.6 

7 

2.550 

0.96 

23 

21.09 

7-97 

53 

107.3 

40.6 

6 

2.778 

105 

24 

22.40 

8.47 

^ 

112. 7 

42.6 

-6 

3  025 

1. 14 

26 

23  78 

8.99 

118. 2 

44.7 

4 

3.29.1 

1.24 

26 

25.24    , 

9-54 

S6 

124.0 

46.9 

3 

3578 

1-35 

27 

26.77 

10.12 

57 

130.0 

49.1 

2 

3-887 

1-47 

28 

28.38 

10.73 

S8 

13(>S 

51.5 

I 

4.220 

1.60 

18 

30.08 

11.3) 

^ 

142.8 

54.0 

0 

4-580 

1.73 

31.86 

12.04 

149.6 

56.5 

*  Table  quoted  from  Smithsonian  Meteorological  Tables. 

TABLE  116.  —  Maintenance  of  Air  at  De^nite  Humidities. 

Taken  from  Stevens,  Phytopathology,  6,  428,  1916;  see  also  Curtis,  Bui.  Bur.  Standards,  11, 
359,  1914;  Dieterici,  Ann.  d.  Phys.  u.  Chem.,  50,  47,  1893.  The  relative  hmnidity  and  vapor 
pressure  of  aqueous  vapor  of  moist  air  in  equilibrium  conditions  above  aqueous  solutions  of  sul- 
phuric acid  are  given  below. 


Density  of 
acid  sol. 

Relative 
humidity. 

Vapor  pressure. 

Density  of 
acid  sol. 

Relative 
humidity. 

Vapor  pressure.           1 

20»C 

30' C 

ao'C 

3o'C 

1. 00 
1.05 

I.IO 

1.15 
1.20 

1-25 

100. 0 

97.5 

93-9 
88.8 

80.5 
70.4 

mm 

17.4 
17.0 
16.3 

15-4 
14.0 

12.2 

mm 

31.6 

30.7 
29.6 

28.0 

25.4 
22.2 

1.30 

1.35 
1.40 

150 
1.60 
1.70 

58.3 
47.2 

37.1 
18.8 

8.5 
3-2 

mm 
10. 1 

8.3 

6.5 

3.3 

1.5 
0.6 

mm 

18.4 

15.0 

II. 9 

6.0 

2.7 

1.0 

Smithsonian  Tables. 


136 


Table   117. 


PRESSURE   OF   COLUMNS   OF   MERCURY  AND  WATER. 

British  aod  metric  measures.    Correct  at  o*^  C.  for  mercury  aod  at  4°  C.  for  water. 


Metric  Measure. 

British  Measure.                    1 

Cms.  of 
Hg. 

Pressure 

in  grams  per 

sq.  cm. 

Pressure 

in  pounds  per 

sq.  inch. 

Inches  of 
Hg. 

Pressure 

in  grams  per 

sq.  cm. 

Pressure 

in  pounds  per 

sq.  inch. 

1 

2 

3 
4 

5 
6 

7 
8 

9 

10 

13-5956 
27.1912 

40.7868 

54.3824 

67.9780 

81.5736 

95.1692 

108.7648 

122.3604 

135.9560 

0.193376 
•     0.386752    . 
0.580128 

0.773504 
0.966880 
1.160256 

1353632 
1.547008 
1.740384 
1.933760 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

34.533 
69.066 

103.598 
138-131 
172.664 
207.197 
241.730 
276.262 
310.795 
345328 

0.491 174 
'O.982348 
1.473522 
1.964696 
2.455870 

2.947044 
3.438218 

3-929392 
4.420566 

4.91 1740 

Cms.  of 
H,0. 

Pressure 

m  grams  per 

sq.  cm. 

Pressure 

in  pounds  per 

sq.  inch. 

Inches  of 
HA 

Pressure 

ia  grams  per 

sq.  cm. 

Pressure 

in  pounds  per 

sq.  inch. 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

I 
2 

3 
4 

5 
6 

7 
8 

9 
10 

aOI42234 
0.0284468 
0.0426702 
0.0568936 
^.0711170 
0.0853404 
0.0995638 
0.1137872 
0.1 280106 
0.1422340 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

2.54 

5.08 

7.62 

10.16 

12.70 

1524 
17.78 

20.32 

22.86 

25.40 

0.036127 
0.072255 
0.108382 
O.I44510 
0.180637 
0.216764 
0.252892 
0.289019 
0.325147 
0.361274 
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Table   118.  I37 

REDUCTION  OF  BAROMETRIC  HEIGHT  TO  STANDARD   TEMPERATURE.* 


CoRCCdons  for  brass  scale  and 

Corrections  for  brass  scale  and 

Corrections  for  glass  scale  and 

Ei^lish  measure. 

metric  measure. 

metric  measure. 

Height  of 

a 

Height  of 

a 

Height  of 

a 

barometer  in 

in  inches  for 

barometer  in 

in  mm.  for 

barometer  in 

in  mm.  for 

inches. 

temp.  F. 

mm. 

temp.  C 

mm. 

temp.  C. 

15.0 

0.00135 

400 

0.0651 

50 

0.0086 

16.0 

.00145 

410 

.0668 

100 

.0172 

17.0 

.00154 

420 

.0684 

150 

.0258 

'Z-5 

.00158 

430 

.0700 

200 

•0345 

18.0 

.00163 

440 

•       .0716 

250     . 

.0431 

18.5 

.00167 

450 

.0732 

300 

.0517 

19.0 

.00172 

460 

.0749 

350 

.0603 

19.5 

.00176 

470 

.0765 

• 

480 

.0781 

400 

0.0689 

20.0 

O.OO181 

490 

•0797 

450 

•         .0861 

20.5 

.00185 

500 

21.0 

.00190  . 

500 

0.0813 

520 

.0895 

21.5 
22.0 

.00194 
.00199 

510 
520 

.0830 
.0846 

540 
5^ 

.0930 
.0965 

22.5 

.00203 
.00208 

530 

.0862 

580 

.0999 

23.0 

540 

.0878 

235 

.00212 

l^ 

.0894 

600 

0.1034 

.0911 

610 

.1051 

24.0 

0.00217 

570 

.0927 

620 

.1068 

24-5 

.00221 

580 

•0943 

630 

.1085 

25.0 

.00226 

590 

•0959 

640 

.1103 

26.0 

.00231 
.00236 

600 

0.0975 

650 
660 

.1120 

26.5 

.00240 

610 

.0992 

27.0 

.00245 

620 

.1008 

670 

0.1 1 54 

275 

.00249 

630 

.1024 

680 

.1172 

640 

.1040 

690 

•  .1189 

28.0 

0.00254 

^ 

.1056 

700 

.1206 

28.5 

.00258 
.00203 

.1073 

710 

.1223 

29.0 

670 

.1089 

720 

.1240 

29.2 

.00265 

680 

.1105 

730 

.1258 

29.4 

.00267 

690 

.1121 

29.6 

.00268 

740 

0.1275 

29.8 

.00270 

700 

0.1 137 

750 
760 

.1292 

300 

.00272 

710 

•"54 

•1309 

720 

.1170 

770 

•1327 

30.2 

0.00274 

730 

.1186 

780 

•1344 

30-4 

.00276 

740 

.1202 

790 

.1361 

30.6 

.00277 

760 

.1218 

800 

.1378 

30.8 

.00279 

•»235 

31.0 

.00281 

770 

.1251 

850 

0.1464 

31.2 

.00283 

780 

.1267 

900 

.1551 

3^-4 

.00285 

790 

.1283 

950 

.1639 

31.6 

.00287 

800 

.1299 

1000 

•1723 

*Ttae  heiffhtof  the  barometer  Ib  affected  by  the  relative  thermal  expansion  of  the  mercury  and 
the  griass,  in  the  case  of  instruments  graduated  on  the  glass  tube,  and  by  the  relative  expansion  of 
the  mercury  and  the  metallic  inclosing  case,  usually  of  brass,  in  the  case  of  instruments  graduated 
on  the  brass  case.  This  relative  expansion  is  practically  proportional  to  the  first  power  of  the  tem- 
perature. The  above  tables  of  values  of  the  coefficient  of  relative  expansion  will  be  found  to  give 
corrections  almost  identical  with  those  given  in  the  International  Meteorological  Tables.  The 
numberstabulatedunder  aarethevaluesof  a  in  the  equation  //>=  ///'  —  «(/'  — /)  where  ///lathe 
height  at  the  standard  temperature,  ///  the  observed  height  at  the  temperature  /',  and  a  (/'  —  /)  the 
correction  for  temperature.  The  standard  temperature  is  o°  C.  for  the  metric  system  and  28^.5  F. 
for  the  English  system.  The  English  barometer  is  correct  for  the  temperature  of  melting  ice  at  a 
temperature  of  Approximately  38<^5  P.,  because  of  the  fact  that  the  brass  scale  is  graduated  so  as 
to  be  standard  at  62°  P.,  while  mercury  has  the  standard  density  at  32^'  P. 

.  Example.— A  barometer  having  a  brass  scale  gave  //=  765  mm.  at  25°  C. ;  required,  the  cor- 
responding reading  at  0°  C.    Here  the  value  of  a  is  the  mean  of  .1235  and  .1251,  or  .1243;  .*.  a  (/'.—  /) 

=  ,i243X25  =  3-»i-    Hence //b  =  765  —  3- "  =761-89 

N.  B. — Although  a  is  here  given  to  thVee  and  sometimes  to  four  significant  figures,  it  ii  seldom 
worth  while  to  use  more  than  the  nearest  two-figure  number.  In  fact,  all  barometers  have  not  the 
same  values  for  a,  and  when  great  accuracy  is  wanted  the  proper  coefficients  have  to  be  deter* 
mined  by  experiment. 
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Table  119. 

REDUCTION  OF  BAROMETER  TO  STANDARD  GRAVITY. 

Free-air  Altitude  Term.    Correction  to  be  subtracted. 


The  correction  to  reduce  the  barometer  to  sea-levd  is  Ui  —  i)/g  X  B  where  B  is  the  barometer  reading  and  i  and 
g\  the  value  of  gravity  at  sea-level  and  the  place  of  observation  respectively.  The  following  values  were  computed  for 
free-air  values  of  gravity  g\  (Table  ^65).  It  has  been  customary  to  assume  for  mountain  stations  that  the  value «?( 
ft  "  say  about  }  the  free-air  value,  but  a  comparison  of  modem  determinatiotts  of  %\  in  this  country  shows  that  little 
reliance  can  be  placed  on  such  an  assumption.  Whertf  %\  is  known  its  value  should  be  used  in  the  above  oocrectkn 
term.  (See  Tables  566  and  567.  Similaiiy  for  the  latitude  term,  see  succeeding  tables,  the  true  value  of  t  abonld  be 
used  if  known;  the  succeeding  tables  are  baaed  on  the  theoretical  values,  Table  565.) 
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sea-level. 
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EDUCTION  OF   BAROMETER  TO  STANDARD  GRAVITY. « 

KETBZO  1CEA8UBE8. 
From  Latitude  o*  to  45*,  the  Correction  is  to  be  Subtracted. 


Lati. 

tude. 

630 

540 

560 

580 

600 

620 

640 

660 

680 

700 

720 

740 

760 

780 

inzn. 

znixi. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

0 

—1.39 

—1.45 

—1.50 

—1.55 

—1. 61 

—1.66 

—1. 71 

-1-77 

—1.82 

—1.87 

—1.93 

—1.98 

— 2.04 

—2.09 

5 

—1.37 

—1.42 

—1.48 

—1.53 

—1.58 

—1.64 

— 1.69 

—1.74 

—1.79 
1.78 

-1.85 

—1.90 

—1.95 

— 2.00J — ^2.06|| 

6 

1.36 

1.42 

1.47 

1.52 

1.57 

1.63 

1.68 

1-73 

1.83 

1.89 

1.94 

1.99 

2.04 

7 

1.35 

1.40 

1.46 

1. 51 

1.56 

1. 61 

1.66 

1.72 

1.77 

1.82 

1.87 

1.92 

1.98 

2.03 

8 

1.34 

1.39 

1.44 

1.49 

1.55 

1.60 

1.65 

1.70 

1.75 

1.80 

1.85 

1. 91 

1.96 

2.01 

9 

1.33 

1.38 

1.43 

1.48 

1.53 

1.58 

1.63 

1.68 

1.73 

1.78 

1.84 

1.89 

1.94 

1.99 

10 

—1. 31 

—1.36 

—1. 41 

—1.46 

—1. 51 

—1.56 

—1. 61 

— 1.66| — 1. 71 

-1.76 

—1. 81 

— 1.86| — 1.92 

—1.97 

II 

1.29 

1.34 

1-39 

1.44 

1.49 

1.54 

1.59 

1.64 

1     1.69 

1.74 

1.79 

1.84 

1.89 

1.94 

12 

1.27 

1.32 

1.37 

1.42 

1.47 

1.52 

1.57 

1.62 

1.67 

1.72 

.1.76 

i.8r 

1.86 

1. 91 

13 

1-25 

1.30 

1.35 

1.40 

1.45 

1.50 

1.54 

1.59 

1.64 

1.69 

1.74 

1.78 

1.83 

1.88 

14 

1.23 

Z.28 

1.33 

1.38 

1.42 

1.47 

1-52 

1.56 

1. 61 

1.66 

1. 71 

1.75 

1.80 

1.85 

15 

—1.21 

—1.26 

—1.30 

—1.35 

— 1.40 

—1.44 

—1.49 

—1.54 

-1.58 

-1.63 

—1.67 

—1.72 

—1.77 

—1. 81 

16 

1. 19 

1.23 

1.28 

1.32 

1.37 

1. 41 

1.46 

1.50 

1-55 

1.60 

1.64 

1.69 

1.73 

1.78 

17 

1. 16 

1.20 

1.25 

1.29 

1.34 

1.38 

1-43 

1.47 

^•^i 

1.56 

1.60 

1.65 

1.69;    1.74I 

18 

1. 13 

1. 18 

1.22 

1.26 

1. 31 

1.35 

1.39 

1.44 

1.48 

1.52 

1.57 

1. 61 

1.65 

1.701 

19 

1. 10 

1. 15 

1. 19 

1.23 

1.27 

1.32 

1.36 

1.40 

1.44 

1.48 

1-53 

1.57 

1. 61 

1.65 

20 

—1. 07 

—I. II — 1. 16 

—1.20 

— 1.24 

—1.28 

—1.32 

—1.3^ 

— 1.40 

—1.44 

—1.49 

i!48 

—1.57 

— 1. 61 

21 

1.04 

1.08 

1. 12 

1. 16 

1.20 

1.24 

1.28 

1.32 

1.36 

1.40 

1.44 

^•5^ 

1.50 

22 

1. 01 

1.05 

1.09 

1. 13 

1. 16 

1.20 

1.24 

1.28 

1.32 

1.36 

1.40 

1.44 

1.48 

1.51 

23 

0.98 

1. 01 

1.05 

1.09 

I-I3 

1. 16 

1.20 

1.24 

1.28 

1. 31 

1.35 

1.39 

1.43 

1.461 

24 

0.94 

0.98 

1. 01 

1.05 

1.08 

1. 12 

1. 16 

1. 19 

1.23 

1.27 

1.30 

1.34 

1-37 

1. 41 

25 

—0.90 

—0.94 

—0.97 

—1. 01 

—1.04 

—1.08 

—I. II 

—1. 15 

—1. 18 

— 1.22 

—1.25 

— 1.29 

—1.32 

-1.36 

26 

0.87 

0.93 

0.97 

1. 00 

1.03 

1.07 

1. 10     1. 13 

1. 17 

1.20 

1.23 

1.27 

1.30 

27 

0.83 

0.86    0.89 

0.92 

0.96 

0.99 

1.02 

1.05 

1.08 

1. 12 

1. 15 

1. 18 

1. 21 

1.24 

28 

0.79 

0.82 

0.85 

0.88 

0.91 

0.94 

0.97 

1. 00 

1.03 

1.06 

1.09 

1. 12 

1. 15 

1. 18 

29 

0.75 

0.78 

0.81 

0.84 

0.86 

0.89 

0.92 

0.95 

0.98 

1. 01 

1.04 

1.07 

1. 10 

1. 12 

30 

—0.71 

-0.74 

—0.76 

-0.79 

—0.82 

—0.85 

—0.87 

— 0.9O 

—0.93 

—0.95 

—0.98 

— 1. 01 

— 1.04 

—1.06 

31 

0.67 

0.69 

0.72     0.74 

0.77 

0.80 

0.82 

0.85 

0.87 

0.90 

0.92 

0.95 

0.98 

1. 00 

32 

0.62 

0.65 

0.67 

.0-70 

0.72 

9.74 

0.77 

0.79 

0.82 

0.84 

0.86 

0.89 

0.91 

0.94 

33 

0.58 

0.60 

0.63 

0.65 

0.67 

0.69 

0.72 

0.74 

0.76 

0.78 

0.80 

0.83 

0.85 

0.87 

■  34 

0.54 

0.56 

0.58 

0.60 

0.62 

0.64 

0.66 

0.68 

0.70 

0.72 

0.74 

0.76 

0.79 

0.81 

35 

—0.49 

—0.51 

—0.53 

—0.551—0.57 

—0.59 

—0.61 

—0.63 

—0.64 

— 0.66 

—0.68 

— 0.70 

—0.72 

—0.74 

36 

0.45 

0.46 

0.48    0.50I    0.52 

0.53 
0.48 

0.55 

0.57 

0.58 

0.60 

0.62 

0.64 

0.65 

0.67 

37 

0.40 

0.42 

0.43 

0.45 

0.46 

0.49 

0.51 

0.52 

0.54 

0.56 

0.57 

0.59 

0.60I 

38 

0.36 

0.37 

0.38 

0.40 

0.41 

0.42 

0.44 

0-45 

0.46 

0.48 

0.49 

0.51 

0.52 

0.53 

39 

0.31 

.  0.32 

0.33 

0.34 

0.36 

0.37 

0.38 

0.39 

0.40 

0.42 

0.43 

0.44 

0.45 

0.46 

40 

—0.26 

—0.27 

—0.28 

—0.29 

—0.30 

—0.31 

-^.32 

—0.33 

—0.34 

—0.35 

—0.36 

—0.37 

—0.38 

—0.39 

41 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.26 

0.27 

0.28 

0.29 

0.30 

0.30 

0.31 

0.32 

42 

0.17 

0.17 

0.18 

0.19 

0.19 

0.20 

0.21 

0.21 

0.22 

0.22 

0.23 

0.24 

0.24 

0.25 

'  43 

0.12 

0.12 

0.13 

0.13 

0.14 
0.08 

0.14 

0.15 

0.15 

0.16 

0.16 

0.16 

0.17 

0.17 

0.18 

44 

0.07 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.09 

O.IO 

O.IO 

O.IO 

O.IO 

O.II 

45  -0.02 

— 0.02—0.03 

—0.03 

—0.03 

—0.03—0.03 

—0.03 

—0.03 

—0.03 

—0.03 

—0.03 

—0.03 

— 0.04 

•  « 
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Table  121. 


REDUCTION  OF   BAROMETER  TO  STANDARD  GRAVITY.'*' 

MSTRIC  KEA8T7BES. 

From  Latitude  46*  to  90*,  the  Correction  is  to  be  Added. 


Latin 
tade. 

520 

540 

560 

580 

600 

620 

640 

660 

680 

700 

720       740 

760 

780 

tnin. 

mm.       mm.       mm. 

mm*       mm.       mm. 

mm* 

mm. 

mm. 

mm. 

mm.       mm. 
—0.03' — 0.03 

mm. 

45 

—0.02 

— 0 .  02  — 0 .  03  — 0 .  03  — 0 .  03'— 0 .  03'— 0 .  03 

—0.03—0.03 

—0.03 

—0.03 

—0.04, 

46 

+0.02 

• 

+0.03+0.03+0.03+0.03+0.03+0.03 

+0.03 

+0.03 

+0.03 

+0.03 

+0.03 

+0.04+0.04 

47 

0.07 

0.081     0.08 
0.12      0.13 

0.08 

0.08      0.09 

0.0^ 

0.09 

0.09 

O.IO 

O.IO 

O.IO 

o.io'    o.ii, 

48 

0.12 

0.13 

0.14 

0.14 

0.15 

o.is 

0.16 

0.16 

0.17 

0.17 

0.18    0.18 

49 

0.17 

0.17,    0.18 

0.19 

0.19 

0.20 

0.21 

0.21 

0.22 

0.23 

0.23 

0.24 

0.25 

0.2> 

50 

0.22 

0.22      0.23 

0.24 

0.25 

0.26 

0.26 

0.27 

0.28 

0.29 

0.30 

0.31 

0.31 

0.3i, 

1 

51 

-fO.26 

+0.27+0.28 

+0.29 

+0.30 

+0.31 

+0.32 

+0.33 

+0.34 

+o.35+o.36,+o.37 

1 
+0.38+0.39 

52 

0.31 

0.32!      0.33 

0.34 

0.36 

0.37 

0.38 

0.39 

0.40 

0.42 

0.43 

0.44 

0.45    0.^ 

53 

0.36 

0.37      0.38 

0.40 

0.41 

0.42 

0.44 

0.45 

0.46 

0.48    0.49 

0.51 

0.52    0.53 

54 

0.40 

0.42      0.43 

0.45 

0.46 

0.48 

0.49 

0.51 

0.52 

0.54 

0.56 

.057 

0.59;    0.60 

55 

0-45 

0.46 

048 

0.50 

0.52 

053 

0.55 

0.57 

0.58 

0.60 

0.62 

0.64 

0.65 

0.67 

56 

+0.49 

+0.51 

+0.53 

+0.55 

+0.57+0.59 

+0.60 

+0.62 

+0.64 

+0.661+0.681+0.701+0.72 

+0.74 

57 

0.54I    0.56    0.58 

0.60 

0.62     0.64 
0.67      0.69 

0.66 

0.68 

0.70 

0.72 

0.74 

0.761     078 
O.82I     0.85 

0.80 

58 

0.581    0.601    0.62 
0.62     0.65     0.67 

0.65 

0.71 

0.74 

0.76 

0.78 

o.8d 

0.87 

59 

0.69 

0.72      0.74 

077 

0.79    0.81 

0.84 

0.86'    0.89I    0.91 

093 

60 

0.66    0.69'    0.72 

0.74 

0.77 

0.79 

0.82 

0.841    0.87 
+0.891+0.92 

0.89 

0.92     o.94|    0.97 

I.OO 

1 

61 

+0.71+0-73 

+0.76 

+0.79 

+0.81 

+0.84 

+0.87 

+0.95 

+0.98+1.00+1.031+1.06 

62 

0.74 

0.77 

0.80 

0.83 

0.85 

0.88 

0.91 

0.94 

0.97 

1. 00 

1.02 

1. 05 

1.08 

i.ir 

63 

0.78 

0.81 

0.85 

0.88 

0.91 

0.94 

0.97 

1. 00 

1.03 

I.O^ 

1.09 

1. 12       1. 15 

1. 18 

64 

0.82 

0.85 

0.89 

0.92 

0.95 

0.98 

1. 01 

1.04 

1.08 

I. II 

1. 14 

1. 17 

1.20 

1.23 

65 

0.86 

0.89 

0.93 

0.96 

0.99 

1.03 

1.06 

1.09 

I-I3 

1. 16 

1. 19 

1.22 

1.26 

1.29 

66 

+0.90+0.93+0-97 

+1.00 

+  1.04 

+  1.07 

+1.10 

+1.14 

+  I.17 

+1.21 

+1.24 

+  1.28 

+1.31 

+1-35 

67 

0-93 

0.97       1. 00 

i.ool    1.04 

1.04 
1.08 

1.08 

I. II 

I-I5 

1. 18 

1.22 

1.25 

1.29 

1-33 

.    1.36    1.46I 

68 

0.97 

I. II 

I-I5 

1. 19 

1.23 

1.26 

1.30 

1.34 

1-37 

1. 411 

1-45 

69 

1. 00 

1.04,    1.08 

I. II 

1. 15 

1. 19 

1.23 

1.27 

1.31 

1-34 

1.38 

1.42 

1.46 

1.50 

70 

1.03 

1.07 

I. II 

I. 15     I-I9 

1.23 

1.27 

I-3I 

1-35 

1-39 

1-43 

1.47 

1.51 

1-55 

71 

+1.06 

+  I.IO 

+  1.14 

+  I.I8  +  I.22 

+  1.26 

+  I-3I 

+1.35 

+1.39 

+1-43 

+1-47 

+  1.51 

+1-55+1.5^ 

1^ 

1.09 

I  13 

1. 17 

1.22 

1.26 

1.30 

1-34 

1.38 

1.42 

1.47 

I-5I 

1-55 

1.59     1.63 
1.63     1.6/1 

n 

1. 12 

1. 16      1.20 

1-25 

1.29 

1-33 

1-37 

1.42 

1.46 

l.5C> 

^•55 
.1.58 

1-59 

74 

1. 14 

I. 19     1-23 

1.28 

1-32 

1-3^ 

1. 41 

1-45 

1.50 

1-54 

1. 63 

1.67 

i-li 

75 

1. 17 

1. 21 

1.26 

1.30 

1-35 

1.39 

1.44 

1.48 

1.53 

1-57 

1.62 

1.66 

1. 71 

1.75' 

76 

+1.19 

+  1. 24  +  1. 28 

+  1.33 

+  1.37 

+  1.42 

+1.47 

+  1.51 

+1.56 

+  1.60 

+1.6S 

+  1.70 

+  1.74 

+1.79 

n 

1. 21 

I.26I      1. 31 

1.35 

1.40 

1.45 

1.49 

1.54 

1.59 

1.63 

1.68 

1.73 

1.77     1.82 
1.80    1.85 

78 

1.23 

1.28      1.33 

1.38 

1.42 

1.47 

1.52 

1-57 

1. 61 

1.66 

1. 71 

I  76 

79 

1.25 

1.30!      1.35 

1.40 

1.45 

1.49 

1.54 

1.59 

1.64 

1.69 

1.73 

1.78 

1.83 

1.88 

80 

1.27 

1.32 

1.37 

1.42 

1.47 

1. 51 

1.56 

1. 61 

1.66 

1. 71 

1.76 

1. 81 

1.86 

1.90 

81 

+1.29 

+  1.33 

+1.38 

+  1.43 

+1.48 

+1.53 

+  1.58 

+  1.63 

+  1.68 

+  1.73 

+1.78 

+  1.83 

+1. 88+1.93 

82 

1.30 

1.35       1.40 

1.45 

1.50 

1.55 

1.60 

1.65 

1.70 

1.75 

1.80 

1.85 

1.90!    1.95 

83 

1. 31 

1.36       1. 41 

1.46 

1. 51 

1.56 

1. 61 

1.67 

1.72 

1.77 

1.82 

1.87 

1.92     1.97 

84 

1.32 

1-37 

1.42 

1.48 

1.53 

1.58 

1.63 

1.68 

1.73 

1.78 

1.83 

1.88 

1.93    1-98 

85 

1.33 

1.38 

1.43 

1.49 

1.5-1 

1.59 

1.64 

1.69 

1.74 

1.79 

1.84 

1.90 

1.95 

2.00 

90 

+1.35 

+1.41 

+1. 46+1. 51 +1.56 

+  1.61 

+  1.67 

+  1.72 

+  1.77 

+  1.82 

+  1.87 

+  1.93 

+  1.98 

+2.03 

*  "  Smithsonian  Meteorological  Tables. 


♦» 


Smithsonian  Tablcs. 


Table  122. 


141 


REDUCTION  OF  BAROMETER  TO  STANDARD  GRAVITY.* 

EV0LZ8K  MSAST7BES. 

From  Latitude  o*  to  45*,  the  Correction  is  to  be  Subtracted. 


Lati- 
tude. 

19 

20          21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Inch. 

Inch.        Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch.        Inch. 

Inch. 

0 

—0.051 

— 0 .  054 — 0 .  056  — 0 .  059 

—0.062—0.064 

—0.067 

— 0.070 — 0.072 

—0.075 

—0.078 

—0.080 

5 

—0.050 

—0.053—0.055 

—0.058 

—0.061—0.063 

— 0 .  o66|— 0 .  069I— 0 .  07 1 

— 0 .  074|— 0 .  077'— 0 .  070I 1 

6 

0.050 

0.052      0.055 

0.058 

0.o60\ 

0.063 

0.066 

0.068 

0.071 

0.073      0.076 

0.079 

7 

0.049 

0.052 

0.055 

0.057 

0.060 

0.062 

0.065      0.068 

0.070 

0.073 

0.075 

0.078 

8 

0.040 
0.048 

0052 

0.054 

0.057 

0.059 

0.062 

0.064 

0.067 

0.070 

0.072 

0.075 

0.077 

9 

0.051 

0.054 

0.056 

0.059 

0.061 

0.064 

0.066 

0.069 

0.071 

0.074 

0.076 

10 

—0.048 

—0.050—0.053 

—0.055 

—0.058—0.060 

—0.063 

—0.0661—0.068—0.071 

—0.073 

—0.076 

II 

0.047 

0.0501 

0.052    0.055 

6.057     0.060      0.062'     0.065 

0.067 

0.070 

0.072 

0.07S 

12 

0.047 

0.049 

0.051     0.0541    0.056 

0.059 

0.061      0.064 

0.066 

0.069      0.071      O.074II 

0.068    o.o7d    0.0731 

13 

0.046 

0.048 

0.051    0.053I   0.055 

0.058 

0.060      0.063 

0.065 

14 

0.045 

0.047 

0.050 

0.052 

0.055 

0.057 

0.059 

0.062      0.064 

0.066 

0.069 

0.071 

15 

—0.044 — 0.047 

—0.049 

—0.051 

— O-053 

—0.056 

—0.058 

—0.060—0.063 

—0.065—0.067 

—0.070 

16 

0.043'     0.046     0.048 

o.05d 

0.052 

0.055 

0.057 

0.059 

0.062!     0.064      0.066 

0.068 

17 

0.042      0.045      0.047      0.049      0.051 

0.053 

0.056     0.058 

0.060,     0.062      0.065,      O.067II 

18 

0.041     0.044J    0.046     0.04^ 

0.050 

0.052 

0.054      0.057      0.059 

0.061 

0.063     o.o6d 

19 

0.040I 

0.042 

0.045    0.047 

0.049 

0.051 

0.053      0.055 

0.057 

0.059     0.062     0.064! 

80 

—0.039—0.041—0.043—0.045—0.047 

—0.050 

—0.052 

—0.054 

—0.056 

—0.058 — 0.060—0.062 

21 

0.038    0.040!    0.042    0.044    0.046I    0.048 

0.050"     0.052 

0.054 

0.056 

0.058 

o.o6g 

22 

0.037    0.039    0.04IJ    0.043 

0.045     0.047 

0.0491     0.050 

0.052 

0.054 

0.056 

0.058 

23 

0.036 

0.038 

0.039;    0.041 

0.043 

0.045 

0.047 

0.049 

0.051 

0.053 

0.054 

0.056 

i?4 

0.034 

0.036 

0.038 

0.040 

0.042 

0.043 

0.045 

0.047 

0.049 

0.051 

0.052 

0.054 

26 

—0.033 

— 0 .  035  —0 .  037|— 0 .  038,-0 .  040 

—0.042 

—0.043—0.045 

—0.047—0.049 

—0.050—0.052 
0.048!    0.050 

26 

0.032    0.033    0.035    0.037:    0.038 

0.040'     O.042I     0.043 

0.045      0.047 

27 

0.030    0.032    0.033 

0.035     0.037 

0.038 

O.04O1     0.041 

0.043 

0.045 

0.046!    0.048I 

28 

0.029    0.030    0.032 

0.033 

0.035 

0.036 

0.038 

0.039 

0.041 

0.043 

0.044 

o.o4q 

29 

0.027    0.029 

0.030 

1            1 

0.032 

0.033 

0.035 

0.036 

0.037 

0.039 

0.040 

0.042 

0.043 

30 

—0.026 — 0.027 
0.024!    0.026 

—0.029—0.030—0.031 

—0.033 

—0.034 

0.035 

—0.037 

—0.038 

— 0.040 

— 0.041 

31 

0.027 

0.028    0.030 

0.031 

0.032 

0.033 

0.035 

0.036 

0.037 

0.038 

32 

0.0231    0.Q24 

0.025 

0.026    0.028 

0.029 

O.030I     0.031 

0.032 

0  034 

0.035 

0.036 

33 

0.021 

0.022 

0.023 

0.025     0.02^ 

0.027 

0.028;     0.029 

0.030 

0.031 

0.032     0.034II 

34 

0.020 

0.021 

0.022 

0.023 

0.024 

0.025 

0.026 

0.027 

0.028 

0.029 

0.030 

0.031 

35 

■—0.018— 0.019, — 0.020 — 0.021—0.022 — 0.023 
0.016    0.017]    o.oi8|    0.019    0.020]    0.021 

— 0.024 

—0.025 

—0.026 

—0.027 

— 0.027 

—0.028 

36 

0.022 

0.022 

0.023 

0.024 

0.025 

0.026 

37 

0.015 

0.015      0.016 

0.017 

0.018 

0.019 

0.019 

0.020 

0.021 

0.022 

0.022 

0.023 

38 

0.013 

0.014      0.014 

0.015 

0.016 

0.016 

0.017 

0.018 

0.018 

0.019 

0.020 

0.020 

39 

O.OII 

0.012 

0.012 

0.013 

0.014 

0.014 

0.015 

0.015 

0.016 

0.017 

0.017 

0.018 

40 

1 

— O.OIO— O.OIO- — O.OII 

— O.OII— 0.012 

— 0.012 

—0.013 

—0.013 

— 0.014 

— o.oi4j — 0.015 

—0.015 

41 

0.008    0.008 

0.009 

0.009    0.009 

O.OIO 

O.OIO 

O.OII 

O.OII 

0.012     0.012     0.012II 

42 

0.006.    0.006 

0.007J    0.007,    0.007 

0.008 

0.008 

0.008 

0.009 

0.009     0.00^ 

O.OIO 

43 

0.004 

0.005 

0.005,'    0.005    0.005    0.005 

0.006 

0.006 

0.006 

0.006 

0.007 

0.007 

44 

0.003 

0.003 

0.003 

0.003 

0.003 

0.003 

0.003 

0.004 

0.004 

0.004 

0.004 

0.004 

45 

— O.OOI 

—O.OOI — O.OOI— O.OOI, — O.OOI 

— O.OOI 

— O.OOI 

— O.OOI 

— O.OOI 

—O.OOI 

—O.OOI 

—O.OOI 

*  "  Smithsonian  Meteorological  Tables. 
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Table  123. 

REDUCTION  OF   BAROMETER  TO  STANDARD  GRAVITY.* 

EKGLI8E  1CBA8URE8. 
From  Latitude  46*  to  90*  the  Correction  is  to  be  Added. 


Lati. 
tude. 

19 

20    '     21     '      22 

i 

23 

24 

25 

26 

27          28 

29 

1 
30 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Ir:L 

45 

— O.CX)I 

— O.OOI 

— O.OOI 

— O.OOI 

— O.OOI 

— O.OOI 

— O.OOI'— O.OOI 

—O.OOI 

—O.OOI — O.OOI— o.fr: 

1 

46 

+0.001 

+0.001 

+O.ODI 

+0.001 

+0.001 

+0.001 

+0.001 

+0.001 

+0.001 

+0.001 

+o.ooi+o.a 

47 

0.003 

0.003 

0.003 

0.003 

0.003 

0.003!     0.003 

0.004 

0.004 

0.004'      0.004      O.OQ. 

48 

0.004 

0.005 

0.005 

0.005 

0.005 

0.006'     0.006 

0.006'     0.006 

0.006 

0.007    o.cc 

49 

0.006 

0.006 

0.007 

0.007 

0.007 

0.008 

0.008 

0.008 

0.009 

0.009 

0.009    o.c:< 

50 

0.008 

0.008 

0.009 

0.009 

O.OIO 

O.OIO 

O.OIO 

O.OII 

O.OII 

0.012 

0.012    o.l: 

1 

51 

-fo.oio 

+0.010 

+O.OII 

+O.OII 

+0.012 

+0.012 

+0.013 

+0.013 

+0.014 

+0.014 +0.015 +o.c:: 

52 

O.OII 

0.012 

0.012 

0.013 

O.OI^ 
0.016 

0.014 

0.015 

0.015 

0.016    0.016    0.017    O.C  \ 

53 

0.013 

0.014 

0.014 

0.015 

0.016 

0.017 

0.018 

0.018     0.0191    0.020    0.0.\, 

54 

0.015 

0.015 

0.016 

0.017 

0.018 

0.019 

0.019 

0.020 

0.021 

0.022      0.022      0.0:., 

55 

0.016 

0.017 

0.018 

0.019 

0.020 

0.021 

0.021 

0.022 

0.023 

0.024      0.025      ^-^-l 

56 

+0.018 

+0.019+0.020 

+0.021 

+0.022 

+0 .  023  +0 .  024  +0 .  024 

1 

+0.0261+0. 026+0. 027  +0.0;  jj 

57 

0.020 

0.021      0.022 

0.023 

0.024 

0.025      0.026 

0.027      0.028      0.029-     0.030     0.03  1 

58 

0.021 

0.022      0.023 

0.0251     0.026 

0.027      0.028 

0.029     0.030     0.031     0.032    O.Ol'' 

59 

0.023 

0.024'     0.025 

0.026      0.0281 

0.029      0.030 

0.031 

0.032       0.033       0.035      O.OT 

60 

0.024 

0.026 

0.027 

0.028 

0.029 

0.031 

0.032 

0.033 

o.o34|    0.036    0.037    o.ca 

61 

+0.026 

+0.027+0.028 

+0.030 

+0.031 

+0.033 

+0.034 +o.035|+o.037,+o.038,+o.o39 +0.04: 

62 

0.027 

0.029      0.030 

0.032 

•  0.033 

0.034 

0.036 

0.037'     0.039      O.O40I     0.042     0.045] 

63 

0.029 

O.O3O1     0.032 

0.033 

0.035 

0.036 

0.038 

0.039 

0.041     o.042|    0.044    o.w; 

64 

0.030 

0.032      0.033 

0.035 

0.036 

0.038 

0.040 

0.041 

0.043 

0.044 

0.046    0.04: 

65 

0.031 

0.033 

0.035 

0.036 

0.038 

0.040 

0.041 

0.043 

0.045 

0.046 

0.048    o.o;o 

1 

66 

+0.033 

+0.034 

+0.036 

+0.038 

+0.040 

+0.041 

+0.043 

+0.045 

+0.047 

1 

+0 .  048+0 .  050 -fo  .oy 

67 

0.034 

0.036 

0.038 

0.039 

0.041 

0.043 

0.045 

0.047 

0.048I    0.050!    0.0521   o.o> 

68 

0.035 

0.037 

0.039 

0.041 

0.043 

0.045 

0.046 

0.048 

0.050,    0.052    0.054    o.oy} 

69 

0.036 

0.038      0.040 

0.042 

0.044I    0.046 

0.0481 

0.050 

0.052    0.054-    0.056,   o.03l^ 

70 

0.038 

0.040 

0.042 

0.044 

0.046 

0.048 

0.050 

0.052 

O.OS3 

0.055      0.057     OOfg 

!                     1 

71 

+0.039 

+0.041 

+0.043 

+0.045 

+0.047 

+0.049 

+0.051 

+0.053 

1 
+0.055+0.057+0.059-1-0.06: 

72 

0.040 

0.042      0.044 

0.046'     0.048 

0.050'     0.052 

0.054 

0.057I    0.059'    0.061    0.065 

73 

0.041 

9.043 

0.045 

0.047 

0.049 

0.052      0.054 

0.056 

0.058    o.o6o|    0.062    0.06; 

74 

0.042 

0.044 

0.046 

0.048 

0.051 

0.053      0.055 

0.057 

0.059    0.062    0.064    0-^^ 

75 

0.043 

0.045 

0.047 

0.049 

0.052 

0.054 

0.056 

0.058 

0.061 

0.0631    0.065'   000" 

76 

+0.044 

+0.0461+0.048 

+0.050 

+0.053 

+0.055 

+0.057 

+0.060 

+0.062 

+0.064    0.066  0.069 

77 

0.044 

0.047      0.049 

0.051 

0.054 

Oi056    0.058 

0.061 

0.063 

0.065    0.068    o.o;o 

78 

0.045 

0.047 

0.050 

0.052 

0.055'    0.057    0.059    0.062 

0.064 

0.066,  0.0691  Q.ti:\ 

79 

0.046 

0.048 

0.051 

0.053 

0.055    0.058    0.060 

0.063 

0.065 

0.067    0.070   0.0;.' 

80 

0.046 

0.049 

0.051 

0.054 

0.056 

0.059 

0.061 

0.063 

0.066 

0.068 

0.071 

0.073 

81 

+0.047 

+0.049 

+0.052 

+0.054 

+0.057 

+0.059 

+0.062 

+0.064 

+0.067 

+0.069 

+0.072+0. 074 

82 

0.047 

0.050 

0.052 

0.055 

0.057 

0.060!    0.062'    0.065 

0.067     0.070     0.072    0.0^ 

83 

0.048,      0.050 

0.053 

0.056 

0.058'    0.06II    0.063!    0.06^ 

0.068    0.0711    0.0731   o.o;ti 

84 

0.048 

0.051 

0.053 

0.056 

0.059'    0.0611    0.064I    o.o66|    0.060J    0.071!    0.074   o<^ 

85 

0.049 

0.051 

0.054 

0.056 

0.059'    0.061 

0.064    0.067     0.069 

0.0721    0.074;   0.07: 

1                                ' 

90 

+0.049+0.052 

+0.055 

+0.057 

+0. 060+0. o62!+o. 065 +o.o68l+o.070+o.073!+o.075 +0.02 

•  "  Smithfonian  Meteorological  Tablea." 
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Tables  124-125. 
TABLE  184.  —  OoReotioa  ol  thfl  Btromoter  for  OaplUarlty.* 


H3 


I..  Metric  Measure. 

1 

Diameter 

Height  op  Mbniscus  in  Milumbtbrs. 

of  tube 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

m  mm. 

1 

Correction  to  be  added  in  millimeters. 

4 

0.83 

1.22 

1.54 

0.86 

.56 

1.98 

2.37 

_ 

_ 

^ 

1 

•47 

0.65 
.41 

1. 19 

0.78 

1.45 
0.98 

1.80 
1.21 

'•43 

^^ 

7 

.18 

.28 

.40 

1 

.67 

0.82 

0.97 

I-I3 

8 

— 

.20 

.29 

.46 

.56 

.65 

0.77 

9 

— 

•15 

.21 

.28 

•33 

.40 

.46 

•52 

lO 

— 

— 

•IS 

.20 

11 

.29 

•33 

•37 

II 

— 

— 

.10 

.14 

.21 

.24 

•27 

12 

— 

— 

.07 

.10 

•13 

•15 

.18 

.19 

13 

.04 

.07 

.10 

.12 

•13 

.14 

2.  British  Measure. 

m 

Diameter 

Hbight  of  Mbniscus  in  Inchbs. 

• 

of  tube 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

in  inches. 

Correction  to  be  added  in  inches. 

•'5 

0.024 

0.047 

0.069 

0.092 

0.116 

I 

.^ 

^ 

.20 

.0X1 

.022 

•033 

.045 

.059 

0.078 

— 

- 

•25 

.006 

.012 

.019 

.028 

•037 

.047 

0.059 

- 

•30 

.004 

.008 

..013 
.008 

,or8 

.023 

.029 

■035 

0.042 

•35 

— 

.005 

.012 

.015 

.018 

1 

.022 

.026 

.40 

- 

.004 

.006 

.008 

.010 

.012    ' 

.014 

.016 

•45 

- 

- 

.003 

.005 

.007 

.008 

.010 

.012 

•50 

— 

— 

.002 

.004 

.005 

.006 

.C06 

.007 

■" 

.001 

.002 

x»3 

.004 

.005 

.005 

*  The  first  table  is  from  Kohlrausch  (Experimental  Physics),  and  is  based  on  the  experiments  of  Menddejeff  and 
Gutkowski  (Jour,  de  Phys.  Chem..  Geo.  Petersburg,  1877,  or  Wied.  Beib.  1877).  '^^  second  table  has  been  calcu- 
lated from  the  same  data  by  conversion  into  inches  and  graphic  interpolation. 


• 

TABLE  185.- 

-  Volmo  of  Karowy  Kanlsou  In  Oil  Mm. 

» 

1 

• 

Diameter  of  ttibe  in  mm. 

Height  of 

meniscus. 

»4 

IS 

16 

17 

■ 

18 

»9 

20 

21 

22 

23 

24 

mm. 

1.6 

157 

185 

214 

245 

2S0 

3»8 

356 

398 

444 

492 

^l 

1.8 

181 

211 

244 

281 

320 

362 

407 

455 

507 

560 

616 

2.0 

206 

240 

278 

3»9 

362 

409 

460 

513 

57' 

631 

694 

2.2 

233 

271 

313. 

35i^ 

406 

459 

5»5 

574 

637 

704 

776 

2.4 

262 

303 

350 

400 

454 

5i^ 

573 

639 

708 

7?' 

859 

2.6 

291 

338 

^^ 

444 

503 

565 

633 

706 

782 

862 

948 

Scheel  und  Heuse,  Annalen  der  Physik,  33,  p.  291^  1910. 
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TABLE    IZe. 


BAROMETRIC  PRESSURES  CORRESPONDING  TO  THE  TEMPERATURE 

OF  THE  BOILING  POINT  OF  WATER. 

Useful   when   a   boilinR-point   apparatus   is   used   in    the  determination   of   heights.      Copied    from 
the  Smithsonian  Meteorological  Tables,  4th  revised  edition. 

(A)  KETSIO  tnriTS. 


Tem- 
perature 


C 

81 
82 

83 
84 

85 

86 

87 
88 

89 

90 

91 
92 
93 
94 

95 

96 
97 
98 

99 
100 


.0 


.1 


mm* 

355.40 
370.03 
385  16 
400.81 
416.99 

433.71 
450.99 
468.84 
487.28 
506.32 

525.97 
546.26 
567.20 
588.80 
611.08 

634.06 

657.75 
682.18 

707.35 
733.28 

760.00 


mm* 

356.84 
371.52 
386.70 
402 . 40 
418.64 

435.41 
452 . 75 
470.66 
489.16 
508.26 

527.97 
548.33 
569.33 
591-00 

613.3s 

636.40 
660.16 
684.66 
709.90 
1 635. 92 


.2 


mm. 
358.28 
373.01 
388.25 
404.00 
420.29 

437.12 
454.51 

491.04 
510.20 

529.98 
550.40 
571.47 
593 . 20 
615  62 

638.7 
662.  s 

687.15 
712.47 
738.56 

765.44 


.3 


mm. 

359-7.3 

374.51 
389.80 

405.61 
421.95 

438.83 
456.28 

474.31 
492 -93 
512.15 

531.99 
552.48 
573.61 

595. 4t 
617.90 

641.09 
665.00 
689.65 

715.04 
741.21 

768.17 


mm. 


361 . 19 
376.02 
391.36 
407 . 22 
423.61 

440.55 
458.06 

476.14 
494.82 

514. II 

534. 01 

554.56 

575 . 76 
597.63 
620.19 

643.45 

667.43 
692.15 

71763 
743  87 

770.91 


.5 


mm. 

362.65 

377.53 
392.92 
408.83 
425.28 

442.28 
459.84 
477-99 
496.72 
516.07 

536.04 
556.65 
577.92 
599-86 
622 . 48 

645,82 
669.87 

694.67 
720.22 

740.54 
773'^ 


.6 


mm. 

364.11 

379.05 

394.49 
410.45 

426.95 

444.01 
461.63 
479.83 
498.63 
518.04 

538.07 

558.75 
580.08 

602.09 
624.79 

648 . 19 
672.32 
697.19 
722.81 
749.22 

776.42 


.7 


.8 


.9 


mm. 

365.58 
380.57 
396.06 
412.08 
428.64 

445.75 
463.42 
481.68 

500.54 
520.01 

540.11 
560.85 
582.25 

604.33 
627.09 

650.57 
674.77 
699.71 
725.42 
751.90 

779.18 


mm. 

367.06 
382.09 
39764 
413.71 
430.32 

447.49 
465.22 

483.54 
502.46 

521.99 

542.15 
562.96 

584.43 
606.57 
629.41 

652.96 
677.23 
702.25 
728.03 

754.59 
781.95 


mnx. 

368.54 
383.62 
399-22 

415.35 
432.01 

449.24 
467.03 

485.41 
504.39 
523.9^^1 

544-21 
565.08 
586.61 
608.82 

631.73 

655.35 
679.70 

704.79 
730.65 
757  29 

784.73 


(B)  ENGLISH  UNITS. 


Tem- 
t>eratur& 


F. 
185* 

186 

187 
188 

189 

190 

191 
192 

193 
194 

195 

196 
197 
198 
199 

200 

201 
202 
203 
204 

205 

206 
207 
208 
209 

210 

211 
212 
213 
214 


.0 


Inches. 

17.075 
17.450 
17.832 
18.221 
18.618 

19.021 
19.431 
19.849 
20.275 
20.707 


.1 


Inches. 
17.IT2 
17.488 

17.871 
18.261 
18.658 

19.062 

19.473 
19.892 
20.318 
20.751 


21.148121.192 
21.597)21.642 
22.053.22.099  22.145 


Inches. 

17.150 
17-526 
17.910 
18.300 
18.698 

19.102 

19.514 
19.934 
20.361 

20.795 


21.237  21.282 
21.687 


22.517  22.564 
22.990123.038 


23.470 

23-959 
24.457 
24.963 


22.611 


.3 


Inches. 

17-187 

17.564 
17.948 

18.340 

18.738 

19- 143 
19.556 
19.976 
20.404 
20.839' 


.4 


21.733 
22.192 

22.658 


23.085 '23. 133 


25.478  25.530 


23.519  23.568  23.616 
24.009  24.058  24.108 
24.507  24.557124.608 
25.014  25.065I25.116 


26.001 

26.534 
27.075 
27.626 

28.185 

28.754 
29.333 
29.921 

30.519 
31.127 


25.582  25.634 


26.054  26.107 
26.587  26.641 


27.130 
27.681 
28.242 

28.812 

29.391 
29.981 
30.580 

31.199 


27.184 

27-737 
28.298 

28.869 
29.450 
30.040 
30.640 
31.250 


26.160 
26.695 
27.239 
27-793 
28.355 

28.927 
29.508 

30. 100 

30.701 
31.311 


Inches. 
17.224 
17.602 

17.987 
18.379 
18 . 778 

19.184 

19.598 
20.019 
20.447 

20. 88 J 

21.326 
21.778 
22.238 
22.706 
23.181 

23.665 

24.157 
24.658 
25.168 
25.686 

26.213 
26.749 
27.294 
27.848 
28.412 

28.985 

29  -  567 

30.159 
30.761 

31-373 


.5 


.6 


Inches. 

17.262 

17.641 
18.026 

18.419 
18.818 

19.225 

19.639 
20.061 
20.490 
20.927 

21.371 
21.824 
22.284 
22.752 
23.229 

23.714 
24.207 

24.709 

25.219 

25.738 

26.266 
26.803 

27-349 
27.904 
28.469 

29.042 
29.626 
30.219 
30.822 
31.435 


Inches. 

17.300 
17.679 
18.065 
18.458 
18.859 

19.266 
19.681 
20 . 104 
20.533 
20.971 

21.416 
21.870 
22.331 
22.800 

23-277 

23.763 

24.257 

24.759 
25.271 

25.791 

26.319 

26.857 
27.404 

27.960 

28.526 

29.100 
29.685 
30.279 
30.883 
31.497 


Inches. 

17.337 
17.717 
18.104 

18.498 
18.899 

19.308 

19.723 
20.146 

20.577 
21.015 

21.461 

21.915 
22.377 

22.847 
23.325 

23.812 

24.307 
24.810 
25.322 
25.843 

26.373 
26.912 
27.460 
28.016 
28.583 

29.158 
29.744 
30.339 
30.944 
31.559 


.8 


Inches. 

17.375 
17.756 
18.143 
18.538 
18.940 

19.349 
19.765 
20.189 
20.620 
21.059 

21.506 
21.961 
22.424 
22.^5 

23.374 

23.861 

24.357 
24.861 

25.374 
25.896 

26.426 
26.966 

27.515 
28.073 

28.640 

29.216 
29.803 

30.399 
31.005 
31.621 


.9 


Inches. 

17.413 
17.794 
18.1821 
18.578 
18.980 
I 
19.390 
19.807 
20.232 
20.664 
21.103 

21.551 
22.007 

22.471, 
22.942 

23.422 

23.910 

24.407. 
24.912 

25.426 

25.948 

26.480 
27.021 

27.570 
28. 129 
28.697 

29.275 
29.862 

30.459 
31.066 

31.683 
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Table  127. 


H5 


DETERMINATION  OF  HEIGHTS  BY  THE  BAROMETER. 


^^   ^0  —  B 


Formula  of  Babinet :  Z  =  C 


^o+iff 


C  (in  feel)  =  51494  fi  +  ?<L±ijI1^1  English  measures. 

L  900        J 

C  (in  meters)  =  16000  I  i  -\-  '  '  "  "^   '  I  metric  measures. 

L  1000     J 

In  which  Z  =  difference  of  height  of  two  stations  in  feet  or  meters. 

Bf^  B  =.  barometric  readings  at  the  lower  and  upper  stations  respectively,  corrected  for  all 

sources  of  instrumental  error. 

/«,  /  =  air  temperatures  at  the  lower  and  upper  stations  respectively. 


ValVM  ol  C. 

English  Measures. 

Metric  Measures. 

l(/o4-/). 

c 

LogC 

1 

i(^o-fA  1    C 

LogC 

Fahr. 

Feet. 

\ 

Cent. 

Meters. 

100 

15 

20 

25 

49928 
5051 1 

51094 
51677 

4.69834 
•70339 

4.70837 
.71330 

—10° 

—8 
—6 

4 

— 2 

'5360 
15488 

1 5616 

15744 
15872 

4.18639 
.19000 

•19357 
.19712 

.20063 

30 

35 

40 

45 

52261 
52844  • 

53428 
5401 1 

4.71818 
.72300 

4.72777 
•73248 

0 

+  2 

4 
6 

8 

16000 
161 28 
16256 
16384 
16512 

4.20412 
.20758 
.21101 
.21442 
.21780 

50 

55 

60 

65 

54595 
55178 

55761 
50344 

4.73715 
.74177 

4.74633 
.75085 

10 

12 

14 
16 
18 

16640 
16768 
16896 
17024 
17152 

4.22115  . 
.22440 

.22778 
.23106 

.23431 

70 

75 

80 

85 

56927 
575" 

58094 
58677 

4.75532 
•75975 

4.76413 
.76847 

20 

22 
24 
26 
28 

17280 
17408 

17536 
17664 
17792 

4.23754 

.24075 

•24393 
.24709 

.25022 

90 

95 

100 

59260 
59844 

60427 

4.77276 
.77702 

4.78123 

30 

32 

36 

17920 
18048 
18176 
18304 

4.25334 
.25643 
.25950 
.26255 

Values  only  approximate.     Not  good  for  great  altitudes.    A  more  accurate  formula  with 
corresponding  taoles  maybe  found  in  Smithsonian  MeteoroI<^cal  Tables. 
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Table  128. 
VELOCITY  OF  SOUND  IN  SOLIDS. 


The  velocity  of  sounds  in  solids  varies  as  V£/Pt  where  B  is  Youngs  Modulus  of  elasticity  and  p  the 
density.  These  constants  for  most  of  the  materials  given  in  this  table  vary  through  a  somewhat 
wide  range,  and  hence  the  numbers  can  only  be  .taken  as  rough  approximations  to  the  velodity 
which  may  be  obtained  in  any  particular  case.  When  temperatures  are  not  marked,  between  lo' 
and  ao*  is  to  be  understood.  • 


Velocity  in 

Velocity  in 

Substance. 

Temp.  C. 

meters  per 
second. 

feet  per 

Authority. 

second. 
16740 

Metals:  Aluminum 

0 

5104 

Masson. 

Brass 

- 

3500 

1 1480 

Various. 

Cadmium   . 

— 

2307 

7570 

Masson. 

Cobalt 

- 

4724 

15500 

%t 

Copper 

20 

3560 

1 1 670 

Wertheim. 

if 

100 

3290 

10800 

<( 

200 

2950 

9690 

CI 

Gold  (soft) 

.. 

20 

1743 

^ 

II 

"     (hard) 

- 

2100 

Various. 

Iron  and  soft  steel 

- 

5000 

164 10 

It 

Iron    .... 

20 

5130 

16820 

Wertheim. 

... 

100 

5300 

17390 

11 

•                •                • 

200 

4720 

15480 

K 

"   cast  steel     . 

20 

4990 

16360 

II 

U             4(             (« 

200 

4790 

1 57 10 

II 

Lead  .        . 

20 

1227 

4026 

«« 

Magnesium 
Nickel 

- 

4602 

15100 

Melde. 

- 

4973 

16320 

Masson. 

Palladium  . 

- 

3150 

10340 
8815 

Various. 

Platinum    . 

20 

2690 

Wertheim. 

it 

100 

2570 

8437 

«i 

(f 

• 

200 

2460 

8079 

II 

Silver 

20 

2610 

mi 

II 

ii 

•            •  • 

100 

2640 

II 

Tin     ...        . 

- 

2500 

8200 

Various. 

Zinc   .... 

- 

3700 

12140 

II 

Various:  Brick 

- 

3652 
3480 

11980 

Chladni. 

Cjay  rock 

- 

1 1420 

Gray  &  Milne. 
Stefan. 

Cork 

- 

500 

1640 

Granite     . 

- 

3950 

12960 

Gray  &  Milne. 

Marble 

— 

3810 

12500 

i« 

Paraffin     . 

»5 

1304 

4280 

Warburg. 
Gray  &  Milne. 

Slate 

4510 

14800 

Tallow      . 

16 

2850 

1280 

Warburg. 

Tuff  . 

— 

9350 

Gray  &  MUne. 

Glass        .        .       Ilr 

^^ 

5000 

0000 

16410 
19690 

Various. 
II 

Ivory         .... 

- 

30^3 

9886 

Ciccone  &  Campanile. 

Vulcanized  rubber            ) 

(black)  ) 

0 

54 

m 

Exner. 

50 

3» 

102 

II 

"     (red)     . 

0 

69 

226 

i< 

ii               II        II 

70 

34 
880 

III 

II 

Wax         .        .        .        ! 

17 

2890 

Stefan. 

11 

•                ■                ■                • 

28 

441 

1450 

II 

Woods :  Ash,  along  the  fibre  . 

— 

4670 

1 5310 

Wertheim. 

"    across  the  rings 

- 

1390 

4570 

•t 

"    along  the  rings 

— 

1260 

4140 

i< 

Beech,  along  the  fibre 

— 

3340 

10960 

Ii 

*'      across  the  rings     . 

— 

1840 

6030 

•« 

**      along  the  rings 

- 

1415 

4640 

If 

Elm,  along  the  fibre 

- 

4120 

13516 

II 

"      across  the  rings 

— 

1420 

4665 

II 

"      along  the  rings 

— 

1013 

3324 

<< 

Fir,  along  the  fibre  . 

— 

4640 

15220 

II 

Maple 

• 

— 

4110 

13470 

II 

Oak 

• 

— 

3850 

12620 

t< 

Pine 

• 

— 

3320 

10900 

II 

Poplar 

■                 ■ 

- 

4280 

14050 

ti 

• 

Sycamore    **             .         . 

4460 

14640 

II 
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Table  129. 
VELOCITY  OF  SOUND   IN  LIQUIDS  AND 


H7 


For  gases,  the  velocity  of  sound=V«yP/p,  where  P  is  the  pressure,  p  the  density,  and  7  the  ratio  of 
specific  heat  at  constant  pressure  to  that  at  constant  volume  (see  Table  253).  For  moderate  tem- 
perature changes  Vt»Vo(i+at)  where  0=0.00367.  The  velocity  of  sound  in  tubes  increases  with 
tlie  diameter  up  to  the  free-air  value  as' a  limit.  The  values  from  ammonia  to  methane  inclusive  are 
for  closed  tubes.* 


r 

Velocity  in 

Velocity  in 

1 

Substance. 

Temp, 

.  C.    meters  per 
second. 

feet  per 

Authority. 

1 

second. 

1 

Liquids:  Alcohol,  95^    . 

0 
12. 

5       1241. 

4072. 

Dorsing,  1908. 

1 

4( 

•                 •                 •                 • 

20. 

5        1213. 

3980. 

•< 

1 

Ammonia,  cone. 

16. 

1663. 

5456. 

'€ 

1                    Benzol 

!?■ 

I166. 

3826. 

<l 

1                    Carbon  bisulphide  . 

15. 

I161. 

3809. 

<( 

1 

Chloroform 

15' 

983. 

3225. 

« 

Ether 

15. 

1032. 

3386. 

tt 

NaCl,  10%  sol. 

15 

1470. 

4023. 

It 

"       15%    ".        .' 

15 

1530. 

5020. 

*< 

"      20%    •>        . 

15 

1650. 

5414. 

tt 

Turpentine  oil . 

15 

1326. 

4351- 

tt 

Water,  air-free 

13 

1441. 

4728. 

ft 

•        • 

19 

1461 . 

4794. 
4938. 

tt 

((        It       «( 

•        * 

31 

1505- 

tt 

'*      Lake  Geneva 

9 

1435  • 

4708. 

Colladon-Sturm. 

"      Seine  river  . 

15 

1437- 

4714. 

Wertheim. 

i(          •«        (» 

30 

1528. 

5013. 

<» 

l<                      M                  tt 

60 

1724. 

5657. 

« 

Explosive  waves  in  water : 
Guncotton,  9  ounces    . 

1732. 

5680. 

]  Threlfall,  Adair, 
1889,   sec    Bar- 

10      "         .        . 

1775. 

5820. 

18      "         .        . 

1942. 

6372. 

1      ton's  Sound,  p. 

64      "         .        . 

2013- 

6600. 

i      518. 

Gases :  Air,  dry,  CO«-free     . 

0 

331.78 

1088.5 

Rowland. 

It       •< 

0 

331.36 

1087. I 

Violle,  1900. 

*•       "    CO,-free     . 

0 

331.92 

1089.0 

Thiesen,  1908. 

"        I  atmosphere  . 

0 

331.7 

1088. 

Mean. 

"      25           "  .        . 

0 

332.0 

1080. 

**    (Witkowski). 

*'      50           "  .        . 

0 

334.7 

1098. 

tt             tt 

m 

'•     100           "  .        . 

0 

350.6 

1150. 

.(                       tt 

•  •        .        • 

•  •        .        • 

20 
100 

:     ^: 

1129. 
1266. 

Stevens. 

ti 

•        •        •        * 

500 

553. 

1814. 

tt 

it 

•        •        •        • 

1000 

700. 

2297. 

tt 

Explosive  waves  in  air : 
Charge  of  powder,  0.24  gm! 

3-8o     " 
"       17.40     " 
;•     45.60    " 

• 

. 

i. 

336' 
500. 

931. 
1268. 

1 102. 
16^. 
3060. 
4160. 

Violle,  Cong.  In- 
r     tern.    Phys.    i, 
243,  1900. 

J 

Ammonia    .        % 

0 

415. 

1361. 

Masson. 

Carbon  monoxide 

0 

337. 1 

1106. 

Wullner. 

u                    n 

•                       • 

0 

337.4 

1 107. 

Dulong. 

'*       dioxide . 

0 

258.0 

846. 

Brockendahl,  1906. 

"       disulphide     . 

0 

189. 

620. 

Masson. 

Chlorine 

0 

206.4 

677. 

Martini. 

•        .        »        • 

0 

205.3 

674. 

Strecker. 

•Ethylene     . 

0 

314. 

1030. 

Dulong. 

Hydrogen  . 

0 

1269.5 

4165. 

tt 

(1 

•        •        .        • 

0 

1286.4 

4221. 

Zoch. 

Illuminating  gas 

0 

490.4 

1609. 

tt 

Methane 

0 

432. 

1417. 

Masson. 

Nitric  oxide 

0 

325. 

1066. 

tt 

Nitrous  oxide    . 

0 

261.8 

859- 

Dulong. 

Oxygen 

0 

317.2 

1041. 

tt 

Vapors:  Alcohol 

0 

230.6 

Si: 

Masson. 

Ether 

0 

179.2 

li 

Water 

0 

401. 

1315. 
1328. 

tt 

It 

«... 

IOC 

404.8 

Treitz,  1903. 

•        •        •        • 

130 

424.4 

1392. 

tt 
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Tables  130-131. 
MUSICAL  SCALES. 


The  pitch  relations  between  two  notes  may  be  expressed  precisely  (i)  by  the  ratio  of  their  vit>r«r 
tion  frequencies;  (2)  by  the  number  of  equally-tempered  semitones  between  them  (£.  S.);  also,  leas 
conveniently,  (3)  by  the  common  logarithm  of  the  ratio  in  (i);  (4)  by  the  lengths  of  the  two  portions 
of  the  tense  string  which  will  furnish  the  notes;  and  (5)  in  terms  of  the  octave  as  t/hity.  The  ratio 
in  (4)  is  the  reciprocal  of  that  in  (i);  the  number  for  (5)  is  1/12  of  that  for  (a);  the  number  for 
(a)  is  nearly  40  times  that  for  (3). 

Table  130  gives  data  for  the  middle  octave,  including  vibration  frequencies  for  three  standards  of 
pitch:  A«=435  double  vibrations  per  second,  is  the  international  standard  and  was  adopted  by  the 
American  Piano  Manufacturers*  Association.  The  "  just-diatonic  scale "  of  C-major  is  usually 
deduced,  following  Chladni,  from  the  ratios  of  the  three  perfect  major  triads  reduced  to  one 
octave,  thus:  4:5:6 

4:5:6  4:5:6 

F  A  C  E  G  B  D 

16  20  24  30  36  45  54 

24  a7  30  32  36  40  45  48 
Other  equivalent  ratios  and  their  values  in  E.  S.  are  given  in  Table  131.  By  transferring  D  to  the 
left  and  using  the  ratio  10  :  12  :  15  the  scale  of  A-minor  is  obtained,  which  agrees  with  that  of  C-maior 
except  that  0=26  2/3.  Nearly  the  same  ratios  are  obtained  from  a  series  of  harmonics  beginning 
with  the  eighth;  also  by  taking  12  successive  perfect  or  Pythagorean  fifths  or  fourths  and  reducing 
to  one  octave.  Such  calculations  are  most  easuy  made  by  adding  and  subtracting  intervals  expressed 
in  £.  S.  The  notes  needed  to  furnish  a  just  major  scale  in  other  keys  may  be  found  by  successive 
transpositions  by  fifths  or  fourths  as  shown  in  Table  131.  Disregarding  the  usually  negligible  differ- 
ence of  0.02  E.  S.,  the  table  gives  the  24  i\otes  to  the  octave  requirra  in  the  simplest  enharmonic 
organ;  the  notes  fall  into  pairs  that  differ  by  a  comma,  0.22  E.  S.  The  line  "mean  tone"  is  based 
on  Dom  Bedos*  rule  for  timing  the  organ  (1746).  The  tables  have  been  checked  by  the  data  in 
Ellis'  Helmholtz's  "Sensations  of  Tone.'* 

TABLE  ISO. 


Note. 

Interval. 

Ratios. 

Logarithms. 

Number  of  double  Vibrations  per  second. 

Just. 

Tcm- 
pered. 

Just. 

Tem- 
pered. 

Just. 

1 
Tem- 
pered. 

Just. 

Just. 

Just. 

Tem- 
pered- 

Tem- 
pered. 

Tem- 
pered 

E.S. 

E.  S. 

c. 

0. 

0 

1. 00 

X. 00000 

.0000 

.00000 

^56 

^4 

258.7 

258.7 

J61.6 

an.t 
287.5 

X 

1.05926 

.02509 

274.0 

277.2 

D, 

2.04 

2 
3 

1. 125 

I. I 2246 
I . 18921 

.05x15 

.05017 
.07526 

aR8 

297 

291.0 

290.3 
307.6 

293.7 
31X.1 

304.3 
3aa.4 

l> 

3.86 

4 

T.25 

I .25902 
I .33484 

.09691 

.10034 

320 

330 

323.4 

325.9 

329.6 

341.6 

F, 

4.98 

5 

1.33 

.1249+ 

•12543 

341.3 

352 

344.9 

345.3 
365.8 

349.2 

361.9 

6 

I. 41421 

.15051 

370.0 

383.4 

G, 

7.oa 

I 

1.50 

1.49831 

.17609 

.17560 

384 

396 

388 

387.5 

392.0 

406. a 

I .58740 

20069 

410.6 

415.3 

430.4 

As 

8.84 

9 

X.67 

I. 68179 

.22x85 

.22577 

426.7 

440 

431.1 

4S5'0 

440.0 

4S6.0  1 

10 

I. 78180 
1.88775 

.25086 

460.9 

446.2 

483-1 

S* 

10.88 

XX 

1.875 

.27300 

.27594 

480 

n 

485.0 

488.3 

493.9 

511. 8 

C4 

12.00 

la 

2.00 

2.00000 

.30103 

•30x03 

51a 

517.3 

517-3 

523.2 

542.3 

TABLE  181. 


Key  of 


7<te 

6" 

5" 
4" 

3" 
2  " 

Iff 

lb 
2  bs 


I 


7" 


B 
£ 

A 

D 

G 

C 

F 

Bb 

Eb 

Ab 

Db 

Gb 

Cb 


0.00 
0.00 
0.00 
0.00 
-.22 
-.22 
-.22 


1.14 

0.9a 
1.14 
0.9a 
1.14 
0.9a 
0.9a 
0.70 
0.92 
0.70 
0.92 


0.90 
0.90 
0.90 
0.90 


D 

3.18 

£ 

2.96 

a.96 

2.74 

a.*^ 

4.08 

3.74 

3.86 

a.96 

4.08 

a.74 

3.86 

a.04 

4.08 

1.83 

3.86 

2.04 

4.08 

2.04 

3.86 

2.04 

3.86 

1.82 

3.86 

1.82 

2.94 

1.82 

2.94 
2.94 
2.94 
2.72 

2.72 

3-84 

5.00 
4.78 
5.00 

4.78 


4.98 
4.98 
4.98 
4.98 

4.76 
4.76 
4.76 


6.1a 

5.90 

6.12 

5.90 

6.1a 

5-90 

6.1a 
5-90 

590 
5.68 

5.90 

5.90 


5.88 

5.88 
5.88 


7.02 
7.02 
7.02 
7.02 
6.80 
6.80 
6.80 


8.x6 

7.94 
8.16 

7.94 

7-94 
7.7a 

7-94 
7.7a 

7-94 
7.7a 


7.92 

7.92 
7.92 
7.92 
7.70 


A 

B 

■ 

9.98 

976 

9.98 

11. 10 

9.76 

10.88 

9.98 

11.10 

9.76 

10.88 

9.06 
1.84 

tl.IO 

to.88 

9.06 

It. 10 

8.84 

10.88 

9.06 

10.88 

9.06 
8.84 

10.88 

10.88 

8.84 

9.96 

8.84 

9.96 
9.96 
9.96 

9-74 

• 

9-74 

10.86 

9-74 

10.S6 

c 

It.Ol 

11.80 


Harmonic  Series 

Cycle  of  fifths 
Cycle  of  fourths 
Mean  tone 
Equal  7  step 


8 
0.0 

0.0 
0.0 
0.0 
0.0 


\i.o5/ 
1. 14 
0.90 
0.76 


9 
2.04 

2.04 
1.80 

1-93 
1.71 


(3.98/ 
3.18 
2.94 

3" 

3-43 


10 
3.86 

4.08 

3-84 
3.86 


\4.70/ 
5.22 
4.98 
5-03 

5-14 


II 
5.51 

6.T2 
5.88 

5-79 


la 
7.0a 

7.02 

6.78 

6.97 
6.86 


\7.73/ 
8.16 
7.92 
7.72 


13 

8.41 

9.06 
8.82 
8.90 
8.57 


»4 
9.69 

10.20 

9.96 

10.07 

10.29 


15 

XO.88 

11. 10 
10.86 
10.83 


I2.00 
12.00 
12.00 
12.00 
11.78 
11.78 
11.78 


t6 
xa.oo 

12.24 
1 1. 76 
12.00 
T2.00 
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Tables  18S-1S6. 

MISCELLANEOUS  SOUND  DATA. 

TABLB  182.  —  A  FmuUmental  Tone,  Its  Harmonics  (Overtones)  and  the  Nearest 

Tone  of  the  Equal-tempered  Scale. 
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No.  of  partial 

Frequency 

Nearest  tempered  note. . , 
Corresponding  freqaency 

No.  of  partial 

Frequency 

Nearest  tempered  note. . . 
Correqx>nding  frequency 


129 
C 

X39 


XI 

X463 


3 

259 
C 

259 


13 

1552 

G 

1550 


3 
388 

G 
388 


13 
^68x 

G# 
x643 


4 
517 

c 

517 


14 

x8xi 
1843 


5 

.652 


15 

1953 


6 
775 


16 
3069 

C 
2069 


7 
90s 

932 


17 
3x93 


8 

1035 
C 

1035 


x8 
2328 

D 
2323 


9 

X164 

D 

XX64 


19 
2457 
D# 
3461 


xo 
X393 


30 
3586 

£ 
3607 


Note.  —  Overtones  of  frequencies  not  exact  multiples  of  the  fundamental  are  sometimes  called  inharmonic  partials. 

TABLE  133.  —  Relative  Strength  of  the  Partials  in  Vaiioos  Musical  Instruments. 

The  values  given  are  for  tones  of  medium  loudness.    Individual  tones  vary  greatly  in  quality  and,  therefore,  in 
loudness. 


Instnmient. 

Strength  of  partials  in  per  cent  of  total  tone  strength.                                 1 

X 

2 

3 

4 

5 

6 

7 

8 

9 

10 

XX 

12 

Tuning  fork  on  box . . 
Flute 

xoo 
66 
26 

3 

X3 
36 

6 

24   . 
25 

3 

0 
26 

XX 

4 

9 

•      4 

xo 

17 
35 

6 

10 

29 

3 

7 

X2 

27 

35 

5 

4 
8 

X 

14 
0 

3 

XX 

0 

i 

3 
6 

2 

a 

x8 

X 

4 

•     3. 

IS 

X 

3 

A 

1 
2 

X 

5 

X 
X 

0 

6 

X 

I 

Violin,  A  string 

Oboe 

Clarinet 

Horn ■. 

Txombone 

■ 

TABLE  134.  —  Characteristics  of  the  Vowels. 

The  larynx  generates  a  fundamental  tone  of  a  chasen  pitch  with  some  30  partials,  usually  of  low  intensity.  The 
particular  partial,  or  partials,  most  nearly  in  unison  with  the  mouth  cavity  is  greatly  strengthened  by  resonance.  Each 
vowel,  for  a  ^ven  mouth,  is  characterized  by  a  particular  fixed  pitch,  or  pitches,  of  resonance  corresponding  to  that 
vowd's  definite  form  of  mouth  cavity.  These  pitches  may  be  judged  by  whispering  the  vowels.  It  is  difficult  to  sing 
vowels  true  above  the  corresponding  pitches.  The  greater  part  of  the  energy  or  loudness  of  a  vowd  of  a  chosen  pitch 
is  in  those  partials  reinforced  by  resonance.  The  vowels  may  be  divided  into  two  dasses,  —  the  first  having  one  char- 
acteristic resonance  region,  the  second,  two.  The  representative  pitches  of  maximum  resonance  of  a  mouth  cavity 
for  sdected  vowels  in  each  group  are  given  in  the  following  table. 


Vowd  indicated  by  italics  in 
the  words. 

Pitch  of  maxi- 
mum resonance. 

Vowd  indicated  by  italics  in 
the  words. 

Pitch  of  maxi- 
mum resonance. 

father,    far.        giMird 

9x0 
732 
46X 
326 

• 
mat,     odd,         cat 

800  and  X840 
69X  and  X953 
488  and  246X 
308  and  3x00 

row.        foil.       hiflttl 

pet,      feather,    bless 

DO,          rode,      goal 

they,    bat't.         hate 

tdoom,    mffvt,    grouD 

bee,      pfoue,      machfne 

£ 

TABLE  136.  —  Miscellaneous  Sound  Data. 

Koenig's  temperature  coefficient  *for  the  frequency   (»)   of  forks  is  nearly  the  same  for  all  pitches,     nt  «■ 
mil  —  o.oooxxi*  C),  Ann.  d.  Phys.  9,  p.  408,  x88o. 

Vibration  frequencies  for  continuous  sound  sensations  are  practically  tl:e  same  as  for  continuous  light  sensat'on, 
xo  or  more  per  second.  Helmhc^tz'  value  of  32  p^  sec.  may  be  taken  as  the  flicker  value  for  the  ear.  Moving  pictures 
use  x6  or  more  per  sec.    For  light  the  number  varies  with  the  intensity. 

Pitch  limits  of  voice:  60  to  1200  vibrations  per  second. 

Piano  pitch  limits:  27.3  to  4x38.4  v.  per  sec.  (over  7  octaves). 
'  Organ  pitch  limits:  x6  (^3  ft.  pipe),  sometimes  8  (64  ft.)  to  4x38  (xf  in.)  (9  octaves). 

Ear  can  detect  frequenaes  of  20,000  to  30,000  v.  per  sec.  Koenig,  by  means  of  dust  figures,  measured  soimds  from 
sted  forks  with  frequencies  up  to  00,000.  • 

The  quality  of  a  musical  tone  depends  soldy  on  the  number  and  rdative  strength  of  its  pq^i^fwlft  (simple  tones)  and 
probably  not  at  all  on  their  phases. 

The  wave-lengths  of  sound  issuing  from  a  closed  pipe  of  length  L  are  4L,  4^/3f  4L/^,  etc.,  and  from  an  open  pine, 
2L,  2L/a,  3L/3,  etc.  The  end  correction  for  a  pipe  with  a  flunge  is  such  that  the  antmode  is  0.82  X  radius  of  pi^:>e 
beyond  the  end;  with  no  flange  the  correction  is  0.57  X  radius  of  pipe. 

The  energy  of  a  pure  sine  wave  b  proportional  to  nM»;  the  energy  per  cm'  is  on  the  average  2pir*U*A^/\*;  the  energy 
passing  per  sec.  through  x  cm*  perpendicular  to  direction  of  proptagation  is  2pir*U*Ay\^;  the  pressure  is  }('/  -|- 1) 
(average  energy  per  cm');  where  n  is  the  vibration  number  per  sec.,  X  the  wave-length,  A  the  amplitude,  V  the  veloc- 
ity of  sound,  p  the  density  of  the  medium,  y  the  specific  heat  ratio.  Altberg  (Ann.  d.  Phys.  xx,  p.  405,  X903)  measured 
sound-wave  pressures  of  the  order  of  0.24  dynes/cm*  »  0.000x8  nun  Hg. 
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J  i^Q  Tables  1M-1S7. 

TABLE  136.  — Aerodyiuuiiicf. 

Ejnetics  of  Bodies  in  Resisting  Medium. 

The  differential  equation  of  a  body  falling  in  a  resisting  medium  is  dujdt  ^  g  —  ku*.  Tbe  ve- 
locity tends  asymptotically  to  a  certain  tenninal  velocity,  V  -  Vg/^fe.  Integration  gives  u  - 
r- tanh  (gt/v)^  x  -log  cosh  (gt/v)  if  «  -  x  -  /  ■-  o. 

When  body  is  projected  upwards,  du/d^  -  -f  -  ku^t  and  if  uo  is  velocity  of  projection,  then 
tan-i  u/v  -  tan-»  (uo/V)  -  gt/V,  x  -  (V^/2g)  log  (F«  +  «o*)  (F«  +  u%  The  particle  comes  to 
rest  when  /  -  (V/g)  tan'^  (uo/V)  and  x  -  (V*/2g)  log  (i  -  ttoVF«). 

For  small  velocities  the  resistance  is  more  nearly  proportional  to  the  velocity. 

Stokes'  Law  for  the  rate  of  fall  of  a  spherical  drop  of  radius  a  under  gravity  g  gives  for  the 
velocity,  v, 

where  <r  and  p  are  the  densities  of  the  drop  and  the  medium,  17  the  viscosity  of  the  medium. 
This  depends  on  five  assumptions:  (i)  that  the  sphere  is  large  compared  to  the  inhomogeneities 
of  the  medium;  (2)  that  it  falls  as  in  a  medium  of  unlimited  extent;  (3)  that  it  is  smooth  and 
rigid;  (4)  that  there  is  no  slipping  of  the  medium  over  its  surface;  (5)  that  its  velocity  is  so 
small  that  the  resistance  is  all  due  to  the  viscosity  of  the  medium  and  not  to  the  inertia  of  the 
latter.  Because  of  5,  the  law  does  not  hold  unless  the  radius  of  the  sphere  is  small  compared 
with  71 /vp  (critical  radius).    Arnold  showed  that  a  must  be  less  than  0.6  this  radius. 

If  the  medium  is  contained  in  a  circular  cylinder  of  radius  R  and  length  Z.,  Ladenburg  showed 
that  the  following  formula  is  applicable  (Ann.  d.  Phys.  22,  287,  1907,  23,  447,  1908): 

y^l gfl*(<r  -  p) 


9 17(1  +  2.4a/ R)  (i  -h  3.1a/ L) 


As  the  spheres  diminish  in  size  the  medium  behaves  as  if  inhomogeneous  because  of  its  molec- 
ular structure,  and  the  velocity  becomes  a  function  of  l/a,  where  /  is  the  mean  free  path  of  the 
molecules.    Stokes'  formula  should  then  be  modified  by  the  addition  of  a  factor,  viz. : 


.-^^(.-p)(x-H.i). 


where  A  is  0.874;  the  last  factor  may  be  replaced  by  i  +  b/pa,  where  b  is  0.000625,  a  in  cm  and  p 
the  barometric  pressure  in  cm  of  Hg  at  25^0.    (See  chapter  V,  Millikan,  The  Electron,  1917.) 


TABLE  137.  —  Flow  of  Gases  tfafoogh  Tubes. 

5(cmVsec)  >  i2,2ooZ>*/L,  where  S  -  max.  speed  at  which  gas  (at  pressure  of  gas  in  vessel  being 
exhausted)  may  be  exhausted  through  tube  ^  cm  in  diameter  and  £  cm  in  length.  (Knudsen, 
Ann.  d.  Ph)^.  28,  76,  1900.) 

When  the  velocity  of  now  of  a  gas  is  below  a  critical  value,  depending  on  the  density  and 
viscosity  and  on  the  diameter  of  the  tube,  the  gas  moves  in  stream  lines  parallel  to  the  axis  of 
the  tube.  Above  this  critical  velocity  the  stream  lines  disappear  and  the  flow  becomes  turbulent. 
The  critical  velocity  Ve  -  kri/pr  for  small  pipes  up  to,  say,  5  cm  diameter,  where  ^  is  a  constant, 
p  the  gas  density,  17  the  gas  viscosity  and  r  the  tube  radius.  When  these  are  in  cgs  units,  k  is 
lo*  in  round  numbers.  Below  the  critical  velocity  the  pressure  drop  along  the  tube  is  propor> 
tional  to  the  velocity  of  gas  flow.    Above  the  cntical  velocity  the  pressure  drop  is  practically 

Eroportional  to  the  square  of  the  velocity.     (Munitions  Research  Lab.,  University  College, 
ondon,  1918.) 
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TABLE  138.  —  Air  Preunres  upon  Large  Square  Normal  Planes  at  Different  Speeds 

through  the  Air. 

The  resistance  F  of  a  body  of  fixed  shape  and  presentation  moving  through  a  fluid  may  be  written  , 

F  -  pI^VViLV/p) 

in  which  p  denotes  the  fluid  density,  v  the  kinematic  viscosit;^.  L  a  linear  dimension  of  the  bodv,  V  the  speed  of  trans- 
lation. In  general  /  is  not  constant,  even  for  constant  conditions  of  the  fluid,  but  is  pxactically  so  for  normal  impact 
oa  a  plane  of  fixed  size.    In  the  following,  p  is  taken  as  1.230  g/l  (.0768  lb8./ft?). 

The  mean  pressure  on  thin  square  plates  of  x.i  m>  (12  ft'),  or  over,  moving  normally  through  air  of  standard  density 
at  ordinary  transportation  speeds  may  be  written  P  >b.oo6ov<  for  jP  in  kg  per  m*  and  v  in  km  per  hour,  or  P  «  .0033^ 
for  P  in  lbs.  per  It*  and  v  in  miles  per  hour.  The  following  values  are  computed  from  thb  formula.  For  smaller  areas 
the  correction  factors  as  given  in  the  succeeding  table  (Table  139)  derived  from  experiments  made  at  the  British  National 
Physical  Laboratory,  may  be  applied. 

Units:  the  first  of  each  group  of  three  columns  gives  the  vdocity ;  the  second,  the  corresponding  pressure  in  kg/m* 
when  the  first  column  b  taken  as  km  per  hour;  the  third  in  pds/ft*  when  in  miles  per  hour. 


Pressure. 

Pressure. 

Pressure. 

Pressure.          | 

Veloc- 
ity. 

Veloc- 
ity. 

1 

Veloc- 
ity. 

Veloc- 
ity. 

Metxk. 

Ffifrlkli 

Metric 

English.  1 

Metric. 

English. 

Metric. 

English. 

■  ...O."*"". 

10 

0.60 

0.33 

40 

9.60 

5" 

70 

29.4 

15-7 

100 

60.0 

32.0 

XI    • 

0.73 

0.39 

41 

Z0.09 

5.38 

71 

30.3 

x6.z 

lOI 

61.2 

32.6 

13 

0.86 

0.46 

42 

10.58 

5.64 

73 

31 -X 

z6.6 

102 

62.4 

33.3 

13 

X.OI 

O.S4 

43 

11.09 

S.93 

73 

32.0 

Z7.0 

103 

63.7 

33-9 

14 

z.x8 

0.63 

44 

II. 6 

6. 30 

74 

33.8 

17-5 

104 

64.9 

34-6 

IS 

1. 35 

0.73 

Jl 

13. 1 

6.48 

'4 

33.7 

z8.o 

105 

66.x 

35.3 

16 

X.54 

0.82 

13.7 

6.77 

34.7 

18.5 

106 

67.4 

36.0 

H 

1.73 

0.92 

47 

13-3 

7.07 

77 

35.6 

19.0 

107 
108 

68.7 

36.6 

18 

x-M 

x.z6 

48 

13. 8 

7|Z 

78 

36.5 

19. 5 

70.0 

37.3 

19 

2.17 

49 

14.4 

8.00 

1^ 

37-4 

30.0 

109 

71.3 

38.0 

ao 

2.^0 
2.6s 

Z.28 

SO 

15.0 

80 

38.4 

20.5 

no 

72.6 

38.7 

21 

1. 41 

51 

IS. 6 

?l* 

8z 

39.4 

21.0 

III 

73-9 

39-4 

22 

2.90 

i.SS 

S3 

x6.3 

8.65 

83 

40.3 

31. 5 

iia 

75.3 

40.x 

33 

3.17 

1.69 

53 

X6.9 

8.99 

83 

41  3 

33.0 

113 

76.6 

40.9 

34 

3.46 

Z.84 

54 

17-5 

tU 

S^ 

43.3 

32.6 

"4 

78.0 

41.6 

35 

3. 75 

2.00 

55 

z8.x 

11 

43.5 

23.  Z 

116 

K1 

43.3 

36 

4.06 

2.z6 

56 

x8.8 

X0.04 

44.4 

33.7 

43  I 

27 

4.37 

2.33 

11 

19.5 

X0.40 

87 

45.4 

34.3 

117 

82. z 

43.7 

28 

4.70 

2.5Z 

30. 2 

X0.76 

88 

46.4 

24.8 

118 

83.5 

44.6 

39 

5. OS 

2.69 

59 

20.9 

XX.  14 

89 

47-1 

35.4 

119 

tt 

45.3 

30 

5.40 

3.88 

60 

21.6 

XI. 53 

90 

48.6 

25. 9 
26.5 

130 

-♦^J 

3x 

5-77 

3.08 

6z 

22.3 

II. 9Z 

91 

49-7 

tax 

87.8 

46.8 

33 

6. 14 

.    3.38 

62 

23.0 

13.3 

92 

50.8 

27.1 

12a 

89.3 
90.8 

47.6 

33 

6.54 

3.48 

63 

23.8 

13. 7 

93 

51.9 

.27.7 

123 

48.4 

34 

6.93 

3.70 

J* 

24.6 

13.1 

94 

53.0 

28.3 

124 

92.2 

49.3 

35 

7.35 

3.93 

*l 

35. 4 

.     13.5 

SI 

54.3 

28.9 

126 

93.7 

50.0 

36 

7.74 

4.  IS 
4.38 

66 

36.3 

13.9 

55.3 

29.5 

9^'^ 

50.8 

37 

8.22 

67 

36.9 

Z4.4 
Z4.8 

U 

56.  § 
57.6 

30.  Z 

127 

128 

96.8 

51.6 

38 

8.66 

4.62 

68 

37.7 

30.7 

98.4 

53.5 

39 

9.12 

4.87 

69 

38.6 

15.3 

99 

S8.8 

31.4 

129 

98.7 

53.3 

TABLE  139.  —  Correction  Factor  for  Small  Square  Normal  Planes. 

The  values  of  Table  138  are  to  be  multiplied  by  the  foUowing  factors  when  the  area  of  the  surface  is  less  than  about 
I  m«  (13  ft*). 


Metric. 

•                                   English. 

Area,    m* 

Factor.  • 

Area,    m" 

Factor. 

Area.    ft« 

Factor. 

Area.    ft« 

Factor 

0.03 
0.10 
0.50 

0.75 
x.oo 
3.00 
3.00 
4.00 

0.845 
0.859 

0.884 
0.890 
0.898 
0.919 
0.933 
0.950 

i-X 
l:t 

9.0 
xo.o 
II. 0 

1           13. 0 

1 

! 
0.969 
0.975 
0.979 
0.984 
0.989 

0.993 
0.999 
1. 000 

0.03 
0.10 
0.50 

0.75 
1. 00 
3.00 
3.00 
4.00 

0.843 

0.857 
0.884 

0.917 
0.930 
0.943 

50 
6.0 
7.0 
8.0 
9.0 
10. 0 

XI. 0 
13. 0 

0.968 
0.973 
0.977 
0.981 
0.986 
0.990 
0.994 

T.OOO 
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TABLE  140.  —  Effect  of  Aspect  Ratio  opon  Normal  Plane  Pressure  (Eiffel). 


The  mean  pressure  on  a  rectangular  plane  varies  with  the  "aspect  ratio,"  a  name  introduced 
by  Langley  to  denote  the  ratio  of  the  length  of  the  leading  edge  to  the  chord  length.  The  effect 
of  aspect  ratio  on  normally  moving  rectangular  plates  is  given  in  the  following  table,  derived 
from  Eiffel's  experiments. 


Aspect  ratio 

Pressure  on  rectangle 

Pressure  on  square 


i.oo 
i.oo 


1.5 
1.04 


300 
1.07 


6.00 
1. 10 


10.000 
I  145 


14.60 
125 


20.00 
1-34 


30.00 
1.40 


41  500 
1-435 


50.00 
1.47 


I 


TABLE  141.  —  Ratio  of  Pressures  on  Inclined  and  ITormal  Planes. 

The  pressure  on  a  slightly  inclined  plane  is  proportional  to  the  angle  of  incidence  a,  and 
is  given  by  the  formula  Pa^C'  P90  *  a.  The  value  of  c,  which  is  constant  for  incidences  up  to  about 
12  ,  is  given  for  various  aspect  ratios.    The  angle  of  incidence  is  taken  in  degrees. 


Aspect  ratio. 
Value  oic... 


I 
0.036 


2 
0.043 


3 
0.050 


4 
O.OS3 


5 
0.057 


6 
0.061 


7 
0.065 


8 
0.070 


9 

0.07s 


10 
0.080 


TABLE  141.  —  Skin  Friction. 

The  skin  friction  on  an  even  rectangular  plate  moving  edgewise  through  ordinary  air  is  given 
by  Zahm's  equation,- 

F(kg/m*)     -  o .  00030 1 A  (m*) )  »••»  {  F(km/hr .) }  i»  in  metric  units 
or  /5'(pds./f t.«)  -  0.0000082 U (ft.*) I °« 1 7(ft./sec.) | »i» 

where  A  is  the  surface  area  and  V  the  speed  of  the  plane.    The  following  table  gives  the  friction 
per  unit  area  on  one  side  of  a  plate. 


Speed. 

Skin  friction. 

Kg  per  aq.  m. 

Plane. 

Speed. 

1 
Skin  frictmn. 
Lbs.  per  aq.  ft. 
Plane. 

km/br. 

X  m  long. 

33  m  long. 

miles/hr. 

ft./sec. 

X  ft.  long. 

32  ft.  long. 

5 
10 

IS 
20 

25 

30 

40 

SO 

60     . 

70 

80 

90 
100 
no 
120 

125 

130 

135 

140 

145 
150 

0.0059 

0.0217 

0.0464 

0.079 

0.122 

0.169 
0.288 

0.439 
0.616 

0.82 

1.06 

I-3I 

1.58 
1.89 

2.20 

2.39 
2.56 

2.68 

2.94 

3  15 
3-37 

0.0047 

0.0171 

0.0364 

0.062 

0.09s 

0.133 
0.225 

0.346 

0.482 

0.64 

0.83 

1.03 

1.24 
1.49 

1-73 

1.87 
2.01 
2.10 
2.31 

2.47 
2.65 

5 
10 

IS 
20 

25 

30 
40 
SO 
60 

70 
^80 

90 
100 
no 
120 

125 
130 

135 
140 

145 
150 

7-3 
14.7 

22.0 

29- 3 
36.7 

440 

58.7 

73-3 
88.0 

102.7 

117. 3 
132.0 

146.7 
161. 2 

175.8 

183.4 

190.5 
197.8 

205.4 
212.5 

220.0 

0.00033 
0.00121 
0.00258 
0.00439 
0.0068 

0.0094 
0.0160 
0.0244 
0.0342 

0.0455 
0.0587 

0.073 

0.088 

0.105 

0.  122 

0.133 
0.  142 

0.149 
0.164 

0.17s 
0.188 

• 

0.00026 
0.0009s 
0.00202 
0.0034s 
0.00530 

0.0074 

0.0125 

0.0192 

0.0268 

0.0357 

0.0461 

0.0572 

0.069 

0.083 

0.096 

0.104 
O.II2 
O.II7 
0.128 

0.137 
0.147 
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The  following  tables,  based  on  Eiffel,  show  the  variation  of  the  resistance  coefficient  K,  with 

the  angle  of  impact  i,  the  aspect  (ratio  of  leading  edge  to  chord  length),  shape  and  velocity  V 

in  the  formula 

i?(kg/m*)  -  iC5(m*)(7(m/sec.)|* 
The  value  of  K  for  km/hour  would  be  0.77  times  greater. 

TABLE  143.  —  Variation  of  Air  Resistance  with  Aspect  and  Angle. 


Size  of  i^ne. 

Aspect. 

Values  of  1. 

Max.  ratio.     1 

6*          lo*        20*         30*     1     40*           45*           6o*           75" 

Value. 

i. 

60 

45 
38 
20 
20 

15 

Values  of  Ki  /JCn. 

15  X90Cm 

15  X45  cm 

25  X  25  cm 

30  X  15  cm 

45  x15  cm 

90X  15  cm 

90  X  10  cm 

1 

i 

i 

I 
2 

3 
6 

9 

07 
.11 
.20 

26 

31 

37 

.45 

•13 
.21 

.36 
•43 
•50 
•58 
.62 

40 

51 
80 

.91 

77 
70 

73 

0.67 
0.89 
1.24 
0.72 
0.77 
0.78 
0.80 

0.92 
1.20 
1. 17 
0.79 
0.84 
0.84 
0.85 

1.08 
1.22 
1.08 
0.82 
0.88 
0.88 
0.88 

1.07 
1.06 
I  03 
0.90 
0.94 

0.93 
0.94 

103 
1.02 
1.02 
0.97 
0.99 
0.98 
0.99 

1.07 
1.22 
1.46 
0.91 
0.77 
0.69 

TABLE  144. —  Variation  of  Air  Resistance  with  Shape  and  Size. 


Cylinder,  base  JL  to  wind: 

Diameter  of  base,  30  cm 

Diameter  of  base,  15  cm 

Cylinder,  base 

Cylinder,  base 

Cone,  angle  60 


Length,  o  cm  iR*  2R*  4R*  6R*  SR*  14R* 
K  -         0675     .068     .055     .050      —        —  — 

K  -       .066       .066     .055     .051     .051     .0515    .059 

to  wind:  diameter  base,  15  cm,  length,  60  cm  ^  -  .040 

to  wind:  diameter  base,  3  cm,  length,  100  cm  K 


.060 
\  diam.  base,  40  cm,  point  to  wind,  solid  K  >  .032 

Cone,  angle  30^,  diam.  base,  40  cm,  point  to  wind,  solid  K  ^  .021 

Sphere,  25  cm  diam.  K  ^  .011 

Hemisphere,  same  diam.,  convex  to  wind  K  ^  .021 

Hemisphere,  same  diam.,  concave  to  wind  K  -  .  083 

Sphero-conic  body,  diam.,  20  cm,  cone  20^,  point  forward         K  -  .  010 
Sphero-conic  body,  diam.,  20  cm,  cone  20*,  point  to  rear  K  -  .  0055 

Cylinder,  120  cm  long,  spherical  ends  to  wind  K  ^  .012 

The  wind  velocity  for  the  values  of  this  table  was  10  m/sec. 

Tables  143  and  144  were  taken  from  "The  Resistance  of  the  Air  and  Avihtion,"  Eiffel,  trans- 
lated by  Hunsaker,  1913. 

*  In  the  case  of  these  cylinders  the  percentages  due  to  skin  friction  are  2,  3,  6,  8,  11  and  16 
per  cent  respectively,  excluding  the  disk. 

TABLE  146.  —  Variation  of  Air  Resistance  with  Shape,  Size  and  Speed. 

This  table  shows  the  peculiar  drop  in  air  resistance  for  speeds  greater  than  4  to  12  meters  per 
second.    Another  change  occurs  when  the  velocity  approaches  that  of  sound. 


Shape. 


Speed,  m/sec. 


Sphere,  16. 2  cm  diameter 

Sphere,  24. 4  cm  diameter 

Sphere,  33  cm  diameter 

Concave  cup,  25  cm  diameter 

Convex  cup,  25  cm  diameter 

Disk,  25  cm  diameter 

Cylinder  cm 

element  JL  to  wind,  d  »  1$  cm,  /  -  15.0 
element  JL  to  wind,  30  30.0 

element  JL  to  wind,  15  7.5 

element  J_  to  wind,  15  12.0 

element  i.  to  wind,  15  22.5 

element  ||  to  wind,  15  105.0 

Spherical  ends,  15  120.0 


Valuer  of  K. 


033 
025 

023 

090 

027 

,071 


.043 

■045 

.035 
.038 

.042 

.o6p 
.024 


8 


030 
025 
017 
090 
022 
,070 

,042 

032 

034 

■037 
.041 

.061 

.022 


.028 
.021 
.012 
.089 
.021 
.070 

•037 
.027 
.032 
•  036 
.038 

•057 
.019 


xo 


,027 
013 
,010 
,087 
,022 
,070 

.030 

.023 

.031 

.032 

.034 

.055 
.018 


xa 


.024 
.010 
.010 
•.087 
.022 
.070 

.025 
.024 
.031 
.030 
.t)3i 

•053 
.018 


14 


,009 
.010 
,010 
.088 
,021 
070 

022 
025 
031 
028 
028 
052 
018 


x6 


.0095 

.010 

.oil 

.089 

.020 

.070 

.021 
.025 
.030 
.027 
.025 
.051 
.017 


20 


,010 
.010 
.012 

.019 
.070 

.022 
025 
030 
025 

,022 

051 
,016 


3  a 


.Oil 

.010 
.012 
.100 

.018 
.068 

.022 
.023 
.030 
.025 

.020 

.050 

•015 


Taken  from  "Nouvelles  Recherches  sur  la  rfeistance  de  I'air  et  I'aviation,"  Eiffel,  1914. 
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Tables  146-148. 
TABLE  146.->FrlotiOB. 


The  required  force  F  necessary  to  just  move  an  object  along  a  horizontal  plane  zz/N  where  N  is  the  normal  picssorc 
on  the  plane  and  /  the  "  coefficient  of  friction.*'  The  anj^le  of  repose  ^  (tan  ^  =  F/N)  is  the  angle  at  which  the 
plane  mast  be  tilted  before  the  object  will  move  from  its  own  weight.  The  following  table  of  coefficients  was  com- 
piled by  Ranktne  from  the  results  of  General  Morin  and  other  authorities  and  is  sufficient  for  ordinary  purposes. 


Material. 


Wood  on  wood,  dry 

*'      "      "      soapy  . 
Metals  on  oak,  dry 
"        «      "    wet 
"        "      "    soapy 
"        "    elm,  dry 
Hemp  on  oak,  dry 
••        "     "    wet 
Leather  on  oak 

"  "  metals,  dry  . 
"  *'  "  wet. 
"  "  "  greasy 
"  "  oily 
Metals  on  metals,  dry  . 
"  u  «  wet  . 
Smooth  surfaces,  occasionally  greased 

continually  greased 
best  results 
Steel  on  agate,  dry  *     .        .        . 

"     ♦*      "       oited*  . 
Iron  on  stone        .... 
Wood  on  stone      .... 
Masonry  and  brick  work,  dry 

*•      "        **       damp  mortar 
on  dry  clay 
"  moist  clay  . 
Earth  on  earth 
«      «      u     ^^  sand,  clay,  and  mixed 
damp  clay    . 
vet  clay 
shingle  and  gravel 


M 


« 


M 
U 


((  l< 

It  U 


M 
« 
It 


earth 


.25-50 

.20 
.50-.60 

.24-.26 
.20 


.2O-.25 

•53 
.27-.38 

t 

•23 

•»5 
.15-.20 

•3  ^ 
.07-.08 

.03-.036 

.20 

.107 
.30-.70 

About  »40 
.60-.70 

74 

•33 
.2  5-1. CO 

•3^-75 
1. 00 

0-3* 
.81-1. II 


1// 


4.00-2.00 

5.00 
2.00-1.67 

4-I7-3-85 
5.00 

5.00-4.00 

1.89 

3.00 
3.70-2.86 

1.79 

2.78 

6.67 
6.67-5.00 

3-33 
14.3-12.50 

20.00 

33-3-27-6 

5.00 

9-35 

3-33-I-43 
2.50 

1.67-1.43 


1.96 


3.00 
4.00-1.00 

2-63-I-33 
1.00 

3*23 
1.23-0.9 


14.0-26.5 

26.5-31.0 

«3-5-M-5 
1 1.5 

XI.  5-14.0 

28.0 

18.5 
1 5.0-19.5 

29.5 

20.0 

13-0 

8.5-1 1.5 
16.5 

4,0-4.5 

3-0 
1.75-2.0 

6.1 

16.7-35.0 

22.0 

36.5 

27.0 

IS.25 
14.0-45.0 
21.0-37.0 

45-0 

17.0 

39.0-48.0 


*  Quoted  from  a  paper  by  Jenkin  and  Ewing,  "  Phil.  Trans.  R.  S.*'  vol.  167.  In  this  paper  it  is  shown  that  in 
cases  where  "  static  friction  **  exceeds  "  kinetic  friction  "  there  is  a  gradual  increase  of  the  coefficient  of  Irictioo  as  the 
speed  is  reduced  towards  zero. 


TABLE  147.  — Liitoloants. 


The  best  lubricants  are  in  general  the  following:  Low  temperatures,  light  mineral  lubricating 
oils.  Very  great  pressures,  slow  speeds,  graphite,  soapstone  and  other  solid  lubricants.  Heavy 
pressures,  slow  speeds,  ditto  and  lard,  tallow  and  other  greases.  Heavy  pressures  and  high  speeds, 
sperm  oil,  castor  oil,  heavy  mineral  oils.  Light  pressures,  high  speeds,  sperm,  refined  petroleum 
olive,  rape,  cottonseed.  Ordinary  machinery,  lard  oil,  tallow  oil,  heavy  mineral  oils  and  the 
heavier  vegetable  oils.  Steam  cyhnders,  heavy  mineral  oils,  lard,  tallow.  Watches  and  delicate 
mechanisms,  clarified  sperm,  ncat's-foot,  porpoise,  olive  and  light  mineral  lubricating  oils. 


tAblE  148»— LnbzletntsForOiittliicTodi. 


Material. 


Tool  Steel, 
Soft  Steel, 
Wrought  iron 
Cast  iron,  brass 
Copper 
Glass 


Turning. 


dry  or  oil 

dry  or  soda  water 

dry  or«soda  water 

dry 

dry 

turpentine  or  kerosene 


Chucking. 


oil  or  s.  w. 
soda  water 
soda  water 
dry 
•dry 


Drilling. 


oil 

oil  or  s.  w. 

oil  or  s.  w. 

dry 

dry 


Tapping 
Miliii 


ling. 


oil 

oil 

oil 

dry 

dry 


Reaming. 


lard  oil 
lard  oil 
lard  oil 
diy 
mixture 


Mixture  =  %  crude  petroleum,  %  lard  oil.    Oil  =  sperm  or  lard. 
Tables  147  and  148 quoted  from  ''Friction  and  Lost  Work  in  Machinery  and  Mill  Work,*'  Thurston,  Wiley  and  Sons. 
Smithsonian  TaBLrs. 


Tables  14»-U1. 
VISCOSITY. 
TABLE  149.  —  Viscosity  of  Fluids  snd  SoUds. 


iSS 


The  eoefficknt  of  viscosity  of  a  substance  is  the  tangential  force  recjuired  to  move  a  unit  area  of  a  plane  surface 
with  unit  speed  rdative  to  another  parallel  plane  surface  from  which  it  is  separated  by  a  layer  a  unit  thick  of  the  sub- 
stance. Viscosity  measures  the  temporary  rigidity  it  gives  to  the  substance.  The  viscosity  of  fluids  is  generally  meas- 
ured by  the  rate  of  flow  of  the  fluid  through  a  capillary  tube  the  length  of  which  is  great  in  comparison  with  its  diameter. 
The  equation  generally  used  is 


fi,  the  viscosity,  ■■  (A ) 

X28Qii  +  \)  \  if 


where  y  is  the  density  C^/cm'),  d  and  /  are  the  diameter  and  length  in  cm  of  the  tube,  Q  the  volume  in  cm'  discharged 
in  t  sec.,  X  the  Couette  correction  which  corrects  the  measured  to  the  effective  lengtii  of  the  tube,  h  the  average  head 
in  cm,  m  the  cofificient  of  kinetic  energv  correction,  mfi/g^  necessary  for  the  loss  otener^  due  to  turbulent  in  distinc- 
tion from  viscous  flow,  g  being  the  accderation  of  gravity  (cm/sec/sec),  v  the  mean  velocity  in  cm  pet  sec  (See  Tech- 
xkolq^ic  Paper  of  the  Bureau  of  Standards,  xoo  and  xx2,  Herschel,  X9x^-X9x8,  for  discussion  of  this  correction  and  X.) 

The  fluidity  is  the  reciprocal  of  the  absolute  viscosity.  The  kinetic  viscosity  is  the  absolute  viscosity  divided  by 
the  density.  Specific  viscosity  is  the  viscosity  relative  to  that  of  some  standard  substance,  generally  water,  at  some 
defixiite  temperature.  The  dimensions  of  viscosity  are  ML'^T'*.  It  is  generally  expressed  in  cgs  units  as  dyne-seconds 
per  cn^  or  poises. 

The  viscosity  of  solids  may  be  measured  in  rdative  terms  by  the  damping  of  the  oscillations  of  suroended  wires 
(see  Table  78).  Ladenburg  (X906)  gives  the  viscosity  of  Venice  turpentme  at  X8.3*  as  X300  poises:  Trouton  and 
Andrews  (1004)  of  pitch  at  o^  5x  X  xo">,  at  15*,  1.3  X  i6>*;  of  shoemakers'  wax  at  8%  4.7  X  xo*;  of  sotui  glass  at  575**, 
XI  X  xo»;  Deel^  (1908)  of  glacier  ke  as  X2  X  xo». 


TABLE  160.  —  "^Hscosity  of  Water  ih  Centipoises.    Tempeimture  Variation. 

Bingham  and  Jackson,  Bulletin  Bureau  of  Standards,  14,  75,  X917. 


Vis- 

Vis- 

Vis- 

Vis- 

Vis- 

Vis- 

Vis- 

•c. 

cosity. 

•c. 

cosity. 

•c. 

cosity. 

•c. 

cosity. 

•c. 

cosity. 

•c. 

cosity. 

•c. 

cosity. 

cp 

xo 

cp 

20 

cp 

SO 

cp 

40 

cp 

50 

cp 

cp 

0 

I.793X 

1.3077 

X.0050 

0.8007 

0.6560 

0.5494 

60 

0.4688 

X 

I -7313 
1.6728 

XX 

1.27x3 

2X 

0.98x0 

31 

0.7840 

41 

0.6439 

51 

0.5404 

65 

0.43S5 

2 

12 

1.2363 
I . 2028 

22 

0.9579 

32 

0.7679 

42 

0.6321 

52 

0.5315 

70 

0.4061 

3 

1.6x91 

13 

23 

0.9358 

33 

0.7523 

43 

0.6207 

53 

0.5229 

Z^ 

0.3799 

4 

1.5674 

X4 

1x709 

24 

0.9142 

34 

0.737X 

44 

0.6097 

54 

0. 5x46 

80 

0.3565 

5 

I. 5188 

IS 

X.1404 

25 

0.8937 

35 

0.7225 

45 

0.5988 

55 

0.5064 

85 

0.33S5 

6 

1.4728 

z6 

Z.XIXI 

26 

0.8737 

36 

0.708s 

46 

0.5883 

56 

0.4985 

90 

0.3x65 

r 

1.4284 

U 

X.0828 

27 

0.8545 
0.8360 

H 

0.6947 
o.6h4 

47 

0.5782 

% 

0.4907 

95 

o!2838 

X.3860 

X.OSS9 

28 

38 

48 

0.5683 

0.4832 

zoo 

9 

1.3462 

X9 

1.0299 

29 

0.8x80 

39 

0.6685 

49 

0.5588 

59 

0.4759 

X53 

0.181* 

♦  de  Haas,  1894.    Underoooled  water:   — 2.X0"  1.33  cp;   —4.70*1  2.12  cp;  — < 
—9.30*,  2.55  cp;  White,  Twming,  J.  Amer.  Ch.  Soc.,  50,  380,  X913. 

).2o*,  2.2s  cp;  — 

8.48',  2wi6  cp;      1 

1 

TABLE  161. — Viscosity  of  Alcohol-water  Mixtures  in  Centxpoises.    Temperature  Variation. 


•c 

Percentage  by  wdght  of  ethyl  alcohol.                                                          1 

0 

zo 

20 

30 

39 

40 

45 

SO 

60 

• 

70 

80 

90 

xoo 

0 

1.792 

3.31X 

5.319 

6.94 

7.25 

7.14 

6.94 

6.58 

5.75 

4.762 

3.690 

2.733 

1.773 

5 

1.519 

2.577 

4.065 

5.29 

5.62 

5. 59 

5.50 

5.26 

4.63 

3.906 

3.12s 

2.309 

X.623 

10 

1.308 

a. 179 

3.16s 

4.05 

4-39 

4.39 

4.35 

4.X8 

3.77 

3.268 

2.7x0 

2.X0X 

X.466 

15 

X.X40 

1.792 

2.6x8 

3.26 

3.52 

3. S3 

351 

3.44 

3.14 

2.770 

2.309 

Z.802 

1.332 

20 

X.005 

X.538 

2.183 

2.7X 

2.88 

2.91 

2.88 

2.87 

2.67 

2.370 

2.008 

z.6zo 

X.200 

25 

0.894 

1.323 

z.8xs 

2.Z8 

2.35 

2.35 

2.39 

2:40 

2.24 

2.037 

1.748 

1.424 

1.096 

30 

0.80X 

z.x6o 

X.553 

1.87 

2.00 

2.02 

2.02 

2.02 

X.93 

1.767 

1.531 

1.279 

X.OO3 

35 

0.722 

Z.006 

1.332 

'•s?„ 

1. 71 

X.72 

1.73 

Z.72 

X.66 

1.529 

1.355 

1. 147 

0.914 

40 

0.656 

0.907 

X.160 

1.368 

1.473 

X.482 

1.495 

1.499 

1.447 

1.344 

Z.203 

1.035 

0.834 

45 

0.599 

0.8x2 

1.0x5 

X.X89 

X.284 

X.389 

1-307 

1.294 

X.27X 

1.X89 

x.oSx 

^'•S^S 

0.764 

50 

0.549 

0.734 

0.907 

Z.050 

1.X24 

X.X32 

Z.Z48 

1.155 

Z.Z27 

1.062 

0.968 

0.848 

0.702 

60 

0.469 

0.609 

0.736 

0.834 

0.885 

0.893 

0.907 

0.913 

0.902 

0.856 

0.789 

0.704 

0.592 

70 

0.406 

0.514 

0.608 

0.683 

o.72< 

0.598 

0.727 

0.740 

0.740 

0.729 

0.69s 

0.650 

0.589 

0.504 

80 

0.356 

0.430 

0.505 

0.567 

0.601 

0.609 

0.6x2 

0.604 

^■■^ 

"^"^ 

Smithsonian  Tables. 


Same  authority  as  preceding  table. 
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Tables  U1-U4. 
VISCOSITY. 

TABLE  US.  —  Tlicoilt;  uid  Damity  of  SucroM  in  AquKtu*  Solatioil. 
See  Sdentific  Paper  398,  Bingham  and  Jackson,  Bureau  of  Standards,  1917,  and  Technologic 
Paper  100,  Herachel,  Bureau  of  Standards,  1917. 


T„„. 

-i..",„i 

C»,if«i» 

DaiiityJ.'.                                      J 

,.«,.= 

Tat  by  wcighL 

P««nt.ucn 

«.  by  wrijh 

^ 

0 

„ 

4. 

6= 

0 

=. 

*= 

63 

o°C 

5 

>S 

30 
40 

s 

70 

So 

I. 7931 
1.S188 
1.3077 
1.U04 
1.0050 

0.8007 
0-6560 

0.4061 
0.356s 

3  So, 
3."S4 

..960 

1  5*4 

o:S 

0.68s 
0.590 

14.77 
...S6 

6.J0O 
4.382 

IX 

1.608 

■■.534 

238. 

109.8 
74-6 
S6.S 

33- 78 
21.28 

5.40 

0.99987 
0.99999 
0.99973 
0.99913 
0,99823 
0.99568 

0-98330 

1.08546 
t. 08460 
'■08353 
1.08133 
1-08094 

1.07767 

i!o68g8 
1.06358 

I . 18349 
1-18192 
1.18020 
1-17837 
1-17648 

1.17114 
I . 16759 
1.16248 
1.15693 

1.29560 
1.2934'    1 

1.28644  i 

I.*8x44 
I.  27615  j 

I;J6468 

Densities  due  to  PUto.     '              \ 

TABLE  US.  — VUcoaitr  uhI  Deniitr  o(  Glrceral  in 

AquMoe  Soluboa  (90*0. 

0^ 

Den- 
sity, 
■g/cm- 

ityin 

vT?^ 

^S- 

si"' 
g/cm- 

s. 

lly,  ■ 

5|- 

g/™*' 

VBC09- 

Ityin 

s 

S 

1-0098 

I.  181 

1  170 

35 

1.0855 

3I1S 

2.870 

6S 

I -1662 

14.51 

12-44 

I. Oil? 

'■335 

I.OoBfl 

70 

21.4? 

IS 

1-0337 

'-765 

50 

....s^ 

^-Qoi 

^.24S 

S5.3^ 

45-86  1 

25 

1.059c 

=.055 

SS 

1  ■ 1393 

7.66^ 

i.727 

85 

102. 5 

30 

1.0720 

..5.5 

60 

1.1528 

10.31 

8-943 

90 

1.2335 

207-6 

168.3 

Ilie  kinematic  visco^ty  is  the  ordinary  viscosity  in  cgs  ui 
TABLE  1S4.  —  Vi«c«slty  uid  DeiultT  at  Castai  C 


.s  (poises)  divided  by  the  density. 
(Tampentura  Vuiation). 


Tables  153  and  154,  taken  from  Technologic  Paper  112,  Bureau  of  Standards,  1918.  Gl>-cerot 
data  due  to  Archbutt,  Deeleyand  Gcrlach;  Castor  Oil  to  Kahlbaum  and  Raber.  See  preceding 
table  tor  definition  of  kinematic  viscosity-  Archbutt  and  Deeley  give  for  the  density  and  viscoaty 
of  castor  oil  at  65.6'"  C,  0.9284  and  0.605,  respectively;  at  100°  C,  0.9050  and  0.169. 


Table  IM. 

VISCOSITY  OF   LIQUIDS. 
Viscosities  are  given  in  cgs  units,  dyne-seconds  per  cm*,  or  poises. 
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Liquid. 


Acetaldehyde. 


<4 
l« 


Air.... 
Aniline. 


Bismuth. 


Copal  Uc. 
G^cerine. 


i< 


80.31%  HiO.. 

64.05%  HiO.. 

49.79%  H«0.. 

I^drogen,  iiciuid 

Menthol,  soUd 

liquid 

Mercury 


«• 
It 


Oib: 
Dogfish-liver  .  923  %. . . 
"     .918.... 
"     .908.... 

Linseed  .925. . .  ^ 

.922 

.914 

*  spindle  on  .88$ 


(I 


*  Light  machinery 

.907  t 

*  Light  marhineiy 

«"  Solar  red"  engine.! 


11 


« 


(I 

II 


*  "  Bayonne"  engine, 

ii  •< 

*  i«  11 

*  "  Queen's  red  '*  engine 

fi  «i  iT 

(I  If  11 

*" Galena"  axle ofl  .. 

T^  <<  <S  ■• 

■   •   • 

*  Heavy  machinery . . . 


*  FQtered  cylinder. . . 

14  «« 

*Daik  blinder 


«i 


•c 


zo. 
20. 

-192.3 
20. 
60. 
28s. 

36s. 
22. 
9.8 

14.3 

20.3 

26.5 

8.5 

8.5 

_8.5 

14.9 

34.9 
—20. 
o. 
20. 

34. 
98. 

193. 
299. 

30. 

SO. 
90. 
30. 

SO. 
90. 
15.6 
37.8 
xoo.o 

15.6 

37.8 

xoo.o 
IS. 6 
37.8 

100.  o 
IS. 6 
37.8 

xoo.o 
15. 6 
37.8 

xoo.o 
15.6 

37.8 

15. 6 

37.8 

37.8 

xoo.o 

37.8 

xoo.o 


Refer- 

Viscosity. 

0.00275 

X 

0.00252 

z 

o.oo23r 

I 

0.00x72 

2 

0.04467 

3 

0.0x56 

3 

0.0x61 

4 

0.0Z46 

4 

4.80 

i 

42.2 

X3.87 
8.30 

6 

6 

4.94 

6 

Z.02X 

6 

0.222 

6 

0.092 

6 

o.oooxx 

2 

2  X  10" 

7 

0.060 

o.oxSj. 
0.0x661 

I 

4 

0. 01 547 

4 

0.0x476 

4 

0.0x263 

4 

0. 01079 

4 

0.0097s 

4 

0.414 

9 

o.aiz 

9 

0.080 

9 

0.331 

9 

0.176 

9 

0.07X 

9 

0.4S3 

XO 

0.X62 

xo 

0.033 

XO 

X.X38 

xo 

0.342 

10 

0.049 

zo 

X.91S 

zo 

0.496 

zo 

0.058 

xo 

2.X72 

xo 

0.572 

zo 

0.063 

zo 

2.995 

zo 

0.7XX 

zo 

0.070 

zo 

4.366 

zo 

0.909 

zo 

6.606 

zo 

1.274 

zo 

2.406 

zo 

0.187 

zo 

4.224 

zo 

0.240 

zo 

Liquid. 


*  Dark  cylinder .... 
11  II 

♦"ExtraL.L. ".'.;.' 
ti       II  II 

Linseed  .  925  % 

"       .922 

.914 

Olive  .9Z9S 

14 

"         .9130 

"         .9065 

"         .9000 

"  .8935 

"         .8800 

t  Rape 

II 

i< 

"      (another) '. '. '. 

"      (another) . . . 

Soya  bean  .9Z9(' . . 

*^      ••      .915.... 

"       "      .906.... 

t  Sperm 

14 
<l 

Paraffins: 

Pentane 

Hezane 

Heptane 

Octane 

Nonane 

Decane 

Undecane 

Dodecane 

Tridecane 

Tetradecane 

Pentadecane 

Hexadecane 

Phenol 

i< 

Sulphur 

If 

II 

li 
II 

14 
41 
(I 
II 

t Tallow.. *.!... !.!!.. 

II 

Zinc 

41 
II 


37.8 

zoo.o 

37.8 

zoo.o 

30. 
50. 
90. 

zo. 

IS- 
20. 

30. 
40. 

so. 

70. 

IS. 6 
37.8 

zoo.o 
IS. 6 

zoo.o 
30.0 
50.0 
90.0 
ZS.6 
37.8 

zoo.o 

2Z.O 

23  7 

24.0 

22.2 


22, 
22, 
22, 

23 
23, 
2Z, 
22. 


22.2 
18.3 
90.0 
Z70. 

x8o. 

187. 
200. 
250. 
300. 
340. 
380. 
420. 
448. 
66. 
zoo. 

280. 

357. 
389. 


Viscosity. 


7 
o 

XX 

o 
o 
o 
o 

X 
X 

o 
o 
o 


324 
341 

iS6 
4SI 
331 
X76 
07  X 
38 

075 
840 

0.258 
0.X24 

zz8 
422 
080 
Z76 
o8s 
406 
206 
078 
420 

i8s 
046 


0.0026 
0.0033 
0.0045 
0.0053 
0.0062 
0.0077 
0.009s 
0.0x26 
O.OZ55 

0.02Z3 

0.028X 

0.0359 

O.X274 

0.OZ26 

320.0 

,0 

o 

.0 

,0 

.0 

2 

S 
Z.X3 
0.80 
0.176 
0.078 
o.oz68 
0.0142 
0.0Z3Z 


SSO. 
560. 
500. 
Z04. 

24- 
6. 
2. 


Refer- 
ence. 


10 

xo 

zo 

10 

9 

9 

9 

z 

x 

X 
X 

I 

X 

I 

zo 

zo 

xo 

xo 

xo 

9 

9 

9 

xo 

xo 

xo 


X2 
X2 
X2 
X2 
X2 
X2 
X2 
X2 

za 

Z2 
Z2 
Z2 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

zo 
zo 

4 
4 
4 


*  American  mineral  oils;  based  on  water  as  .OZ028  at  20"  C.    t  Based  on  water  as  per  zst  footnote,    t  Densities. 

References:  (z)  Thorpe  and  Rodger,  Z894-7;  (2)  Verschaffelt,  Sc.  Ab.  Z9Z7;  (3)  Wijkander,  1879:  (4)  PlUas. 
Z.  An.  Ch.  93,  Z9Z5;  (5)  Metz,  C.  R.  Z903;  (6)  SchOttner,  Wien.  Ber.  77,  Z878,  79,  Z879;  (7)  HeydweiJler.  W.  Ann. 
63.  Z897;  (8)  Koch,  W.  Ann.  Z4,  z88z;  (9)  White,  Bui.  Bur.  Fish.  3a,  1912:  (10)  Archbutt-Dedey,  Lubrication  and 
Lubricants,  1912:  (zz)  Higgins,  Nat.  Phys.  Lab.  zz,  Z9Z4;  (z2)  Bartolli,  Straociati,  Z885-6;  (Z3)  Scarpa,  1903-4; 
(Z4)  Rotinganz,  Z.  Ph.  Ch.  62,  Z908. 
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Table  1M. 
VISCOSITY  OF  LIQUIDS. 


Compiled  from  Laadolt  and  BOrnstein,  ipi2.     Based  principally  on  work  of  Thorpe  and 
Rogers,  1894-^7.    Viscosity  given  in  cendpoises.    One  centipoise  -  0.01  dyne-second  per  cm?. 


Liquid. 


Acids:  Formic 

Acetic 

Propionic 

Butyric 

i-Butyric 

Alcohols:  Methyl 

Ethyl* 

Allyl 

Propyl 

i-Propyl... 

Butyric 

i-Butyric 

Amyf,  op.  act 

Amyl,  op.  inact 

Aromatics:  Benzol 

Toluene 

Ethylbenzol 

Orthoxylene 

Metazylene 

Paraxylene 

Bromides:  Ethyl 

Propyl 

i-Propyl 

AUyl 

Ethylene 

Bromine 

Chlorides:  Propyl 

AUyl 

Ethylene 

Chloroform 

Carbon-tetra 

Ethers:  Diethyl 

Methyl-propyl 

•  Ethyl-propyl 

Dipropyl 

Esters:  Methylformate 

Ethylformate 

Methylacetate 

Ethylacetate 

Iodides:  Methyl 

Ethyl 

Propyl 

AUyl 

Paraffines:  Pentane  . . . 

i-Pentane 

Hexane 

i-Hexane 

Heptane 

i-Heptane 

Octane 

Sulphides:  Carbon  di-. 

Ethyl 

Turpentinet 


Viscosity  in  centipoises. 


Formula. 


CH,0, 

C,H40, 

C.H«0, 

CJIgOa 

C4H8O, 

CH4O 

C,H.O 

cai«o 

CsHgO 

CsHsO 

C4H10O 

C4H,oO 

C5H12O 

CftHiaO 

CfiHe 

CtHs 

CsHio 

CgHio 

CgHio 

CsHio 

CaHiBr 

CsHrBr 

CJIrBr 

C,H»Br 

C,H4Br 

Br 

CJH7CI 

C.H»C1 

CaH4Cl 

CHCU 

CCI4 

C4H10O 

C4H10O 

CbHijO 

CeHuO 

C2H4O, 

COIeO 

COIeO, 

C4H8O1 

CHJ 

c,Ha 

CsHtI 

c,Ha 

CgHij 
CfiHij 
CeHu 
CeHii 
CrHie 
CTHie 

CsHi8 

CS2 
C4IX10S 


o*C 


soUd 
soUd 

1.521 
2.286 
1.887 
0.817 
1.772 

3.883 

4.56s 
5.186 

8.038 

II. 129 

8.532 

0.906 
0.772 

0.877 

1. 105 

0.806 

soUd 

0.487 
0.651 

0.611 

0.626 

2.438 

1.267 

0.442 
0.413 

1. 132 
0.706 

1.351 
0.294 

0.314 
0.402 

0.544 
0.436 
0.510 
0.484 
0.582 
0,606 
o.  727 

0.944 
0.936 

0.289 

0.284 

0.401 

0.376 
0.524 

0.481 
0.706 

0.438 
0.563 

2.248 


lO^C 


2.247 

sotid 
289 

851 
568 

690 

466 

705 
918 

246 

873 

548 

425 

000 

763 

671 
761 

937 
702 

738 
441 

582 

545 
560 

039 
120 

396 
372 
966 

633 
138 
268 

285 
360 

479 
391 
454 

431 
512 

548 

654 

833 
826 

262 

256 

360 

338 

465 
428 
616 

405 
501 

783 


20"  C  30' c 


784 

222 
102 
540 
318 

596 
200 

363 
256 

370 

948 

907 
092 

342 
654 
590 
669 
810 
620 
648 
402 

524 

489 

504 
721 

005 

359 
337 
838 

571 

975 

245 
260 

324 

425 

355 
408 

388 

455 
500 

592 

744 

734 
240 

234 
326 
306 
416 

384 
542 
376 
450 

487 


4o'C  so*C  70"  C 


I 
I 
O 
I 

I 

o 
I 
I 

I 
I 

2 

2 

3 

3 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

I 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 
o 
o 
o 
o 
o 
I 


460 

O4o|o 

960 

304 

129 
520 
003 

168 

779 
757 
267 

864 

594 
207 

567 
525 
594 
709 
552 

574 
368 

475 
443 
458 

475 
911 

326 

307 
736 

519 
848 

223 

237 
294 

381 
325 
369 
352 

407 
460 

540 
669 
660 


220 


296 
279 

375 
347 
483 
352 

407 
272 


219 

90s 
0.845 

1. 120 
0.980 
0.456 
0.834 
0.914 
1.405 

I-33I 
1.782 

2.122 

2.607 

2.415 

0.498 

0.471 

0.531 
0.627 

0.497 
0.513 

0.433 
0.403 

0.419 

1.286 

0.830 

0.299 

0.282 

0.652 

0.474 
0.746 


0.268 
0.344 

0.336 
0.320 
0.367 
0.424 

0.495 
0.607 

0.597 


.271 

254 
341 
315 
433 
330 

369 
071 


1.036 
0.796 
0.752 

0.97s 
0.862 

0.403 
0.702 
0.763 

1. 130 
1.029 
1. 411 
1. 611 

1.937 
1. 851 

0.444 
0.426 
0.479 
0.56c 

0.451 
0.463 

0.397 
0.368 

0.384 
1.131 
0.761 


0.584 

0.43s 
0.662 


0.245 
0.311 

0.308 
0.293 

0.333 

0.456 
0.552 
0.544 


0.248 
0.233 
0.310 
0.288 
0.391 

0.338 
0.926 


.780 
.631 
.607 
.760 
.683 

.510 

•553 
.760 

.646 
•930 


359 
354 
397 
45^ 
375 
383 

338 

328 
903 


479 
534 


279 

391 
466 

458 


262 

243 
324 

287 
728 


•c 


549 
465 
459 

551 
501 


540 

527 
610 

652 

278 

352 
296 
300 


678 


37X 
365 


252 


*  Bureau  of  Standards,  see  special  table,     f  Closer. 
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VISCOSITY  OF  SOLUTIONS. 

Xtiis  table  is  intended  to  show  the  effect  of  change  of  concentration  and  change  of  temperature  on  the  viscosity  of 
solutions  of  salts  in  water.  The  specific  viscusity  X  loo  is  ^ven  for  two  or  more  densities  and  fur  several  tem- 
peratures in  the  case  of  each  solution,    fi.  stands  for  specific  viscosity,  and  /  for  temperature  Centigrade. 


Salt. 


BaCla 

<* 

Ba(N08)s 


CaCla 

tt 

« 
Ca(N08)a 

CdCU 

tt 

it 


Cd(NO,), 
« 


CdS04 


CoCl, 


Co(NO«)2 
«< 

tt 


C0SO4 

M 

CuCl« 
tt 

tt 


Cu(NO,), 
tt 


CaS04 

14 
tt 


HCl 
tt 

M 


HgCla 


n 


Percentage 
by  weight 
of  salt  m 
solution. 


7.60 
15.40 

24-34 

2.98 
5.24 

15.17 
31.60 

39-75 
44.09 

17.55 
30.10 

40.13 

11.09 
16.30 
24.79 

7.81 
15.71 
22.36 

7.14 
14.66 

22.01 

7-97 
14.86 

22.27 

8.28 
15.96 

24.53 

7.24 
14.16 
21.17 

12.01 

21.35 
3303 

18.99 
26.68 
46.71 

6.79 
12.57 
17.49 

8.14 
16.12 
23.04 

0.23 
3-55 


Density. 


1.027 
1.051 


1. 171 
1.274 
1.386 

1. 109 
I.181 
1.320 

1.074 
I.I  59 
1. 24 1 

I.06S 

1.2^ 

I.081 
1. 161 
1.264 

1-073 
1. 144 

1.229 

1.086 
I.I59 
1.240 

X.IO4 
I.215 

^'33^ 

1.177 
1.264 
1-536 

1.055 
1. 115 
X.163 

1.037 
1.084 
1.114 

T.002 
'•033 


77.9 
100.7 

62.0 
68.1 

1 10.9 
272.5 
670.0 


93-8 
144.1 

242.6 

77-5 
88.9 

104.0 

61.0 

85.1 

78.9 

96.2 

120.8 

83.0 
1 1 1.6 
x6i.6 

74.7 
87.0 

1 104 

86.7 
1 17.8 

'93-6 

87.2 
121.5 
178.4 

97-3 
126.2 

382.9 

79.6 

98.2 

124.5 

71.0 
80.0 
91.8 


76^75 


10 

4« 


'5 

(4 


10 

tt 

tt 


'} 


tt 


15 

(I 
«< 


15 

u 
<( 


15 

14 
(« 


15 

44 

44 


15 
(4 

II 


»5 

44 

tt 


'5 
44 

II 


'5 
44 

41 


'5 

44 

44 


'5 

41 
44 


10 


44.0 

56.0 
66.2 

5I.I 
54-2 

71.3 
177.0 

379-0 
593-1 

74-6 
1 1 2.7 
217.1 

60.5 

804 

50.1 
58.7 
69.0 

61.8 

724 
91.8 

65.1 

85.1 

126.6 

57-9 
88.0 

68.7 

95-5 
146.2 

67.8 

95.8 
137.2 

76.0 

98.8 

283.8 

61.8 
74.0 
96.8 

79^9 

58.5 
59-2 


30 

<4 
II 


25 

ti 


30 
44 

44 

14 


25 
44 

II 


25 

44 

14 


25 
44 

II 


25 
44 

II 


25 
II 

41 


25 

It 

II 


25 

44 

II 


25 
44 

14 


25 
44 

14 


25 
44 

14 


25 
44 

II 


20 
44 


35.2 

39-6 
47.7 

424 
44.1 

50-3 
124.0 

245-5 
3632 

60.0 

90.7 
156.5 

49.1 

41. 1 
48.8 

57-3 

49.9 
58.1 

73-5 

53.6 

73-7 
1 01 .6 

48.7 
55-4 
71-5 

55-0 
76.0 

1 13.0 

55-1 

77.0 

107.6 

61.5 
80.9 

215.3 

49.8 
59-7 
75-9 

48.3 
56-4 
65.9 

46.8 
46.6 


50 
44 

44 


35 

14 


50 
44 

II 

II 


35 
44 

i< 


35 

41 
U 


35 

14 
II 


3? 


II 


35 
44 

II 


35 
II 

II 


35 
44 

II 


35 
44 

II 


35 
44 

II 


35 
44 

44 


35 
44 

44 


30 

44 


34.8 
36.9 


49-9 
1 28.1 

40.7 
47.2 

53-6 

34-0 

41.3 
47-5 

41.3 
48.8 

60.1 

44.9 
58.8 
85.6 

39.8 
44.9 

59-1 

45-1 
61.7 

89.9 

45-6 
63.2 
87.1 

68.'^ 
172.2 

414 
52.0 
61.8 

40.1 
48.1 
56.4 

38.3 
383 


45 
44 


45 
44 

44 


45 

41 
II 


45 

44 
II 


45 
44 

14 


45 
II 

tt 


45 

II 

II 


45 

44 

II 


45 
44 

II 


45 

14 

II 


45 

4( 
44 


45 
II 

41 


40 
41 


Authority. 


Sprung. 


44 

14 


Wagner. 

41 

Sprung. 


14 


41 
«l 


Wagner. 


14 
II 

«l 
II 
41 

a 
It 
tt 

tt 
tt 

tt 

tt 
tt 
II 

II 

14 
•I 

41 
41 
44 

II 
41 
II 

41 
41 
14 

II 
41 
44 

44 
tt 
tt 

tt 
tt 
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Table  157  icontiiuud). 


VISCOSITY  OF  SOLUTIONS. 


Salt. 

Percentage 

by  weight 

of  salt  m 

solution. 

Density. 

M 

15 

/* 

25 

/* 

35 
44 

44 

M 

/ 

Authoritr. 

1 

HNOa 

w 

8-37 
12.20 

28.31 

1.067 
1. 116 
1. 178 

66.4 
69.5 

8a3 

54.8 
65.5 

45-4 
47-9 
54.9 

37.6 
40.7 
46.2 

1.5 

44 

1 
Wagner. 

M 
4< 

H2S04 

w 

7.87 
15.50 

,     23.43 

1.065 
1. 130 
1.200 

77-8 

95.1 

122.7 

»5 

61.0 
75.0 

95-5 

25 
«< 

SI 

77-5 

35 

«4 
4t 

41.7 

49-8 
64.3 

45 

44 

44 
M 
44 

KCl 

10.23 
22.21 

- 

70.0 
70.0 

10 

46.1 
48.6 

30 
« 

384 

50 
44 

^tm 

- 

.  Sprung. 

"      1 

KBr 

u 

14.02 
23.16 

3464 

^* 

67.6 
66.2 
66,6 

10 
« 

44-8 

44-7 
47.0 

30 
« 

32." 
33.2 
35-7 

50 
44 

44 

^^ 

mm 

a 
44 

KI 

u 

u 
(( 

8.42 
17.01 

3303 
45.98 

54.00 

— 

69.5 

61.8 
63.0 
6^.8 

10 
<( 

M 
U 

*( 

44.0 
42.9 
42.9 
45-2 
48.5 

30 

<* 

« 

31.3 
31-4 
32.4 
35-3 

50 
14 

44 

44 

44 

— 

— 

u 

M 
44 

44 
44 

KCIO, 

5.69 

— 

71-7 

10 

u 

44-7 
45.0 

30 

31.5 
31.4 

50 
44 

— 

— 

•< 
CI 

KNOs 

6.32 
12.19 
17.60 

^ 

70.8 
68.7 
68.8 

10 
*«     1 
t( 

44.6 

44.8 
46.0 

30 
l( 

U 

31.8 

32.3 
33-4 

50 
44 

44 

— 

■• 

44 

44 
44 

K2SO4 

5-'7 
9-77 

- 

77-4 
81.0 

10 

48.6 
52.0 

30 

34.3 
36.9 

50 
44 

— 

— 

44 

• 

KaCrO* 

"•93 
'     19.61 

24.26 
32.78 

1.233 

75.8 

85.^ 
97.8 

109.5 

10  1 

<( 
u 

62.5 
68.7 

88.9 

30 

u 
u 

41.0 
47-9 

40 
44 

44 

4< 

- 

— 

44 

1 

Slotte. 
Sprung.     1 

K2Cr207 

4.71 
6.97 

1.032 
1.049 

72.6 
73-1 

10 

55-9 
5^.4 

20 

u 

45-3 

45-5 

30 
44 

37.5 
37.7 

40 

44 

Slotte. 

• 

LiCl 

7.76 

13-91 
26.93 

_ 

96.1 
121.3 
229.4 

10 

59.7 

75-9 
142.1 

30 

u 

41.2 
52.6 
98.0 

50 
4( 

44 

^ 

^ 

Sprung. 

<4 

M 

Mg(N08)2 

18.62 

34.19 
39-77 

1. 102 
I.200 
1.430 

99.8 
213-3 
317-0 

15 

81.3 
164.4 
250.0 

25 

•  4 

66.5 

132.4 
191.4 

35 

44 

44 

56.2 
100.9 
I58.I 

45 
44 

44 

Wagner.    1 

a 

44 

MgS04 

4.98 
9.50 

19-32 

^ 

96.2 

130.9 
302.2 

10 

(1 

59.0 

77-7 
166.4 

30 
(( 

<l 

40.9 

53.0 
106.0 

50 

44 

44 

_ 

— 

Sprung. 
44 

*'        '  1 
1 

MgCr04 

12.31 
21.86 
27.71 

1.089 
1. 164 
I.217 

111.3 
1 67. 1 

232.2 

10 

84.8 

125.3 
172.6 

20 

14 

67.4 
99.0 

133-9 

30 
44 

44 

55.0 

79.4 
106.6 

40 

(4 
44 

Slotte. 

14 
« 

MnCl2 

8.01 
15.65 

3033 
40.13 

1.096 
1. 196 

1-337 
1-453 

92.8 
130.9 

256.3 
537.3 

15 

«t 

(( 
u 

71.1 
104.2 
193.2 

393.4 

25 
(t 

4< 

44 

57-5 
84.0 

155.0 

300.4 

35 
44 

44 

48.1 
68.7 

123.7 
246.5 

45 
44 

44 

44 

Wagner. 
44 

44 
W 

Smithsonian  Tables. 


Table  167  ifiOMimued), 


i6i 


VISCOSITY  OF  SOLUTIONS. 


, 

Percentage 

Salt. 

by  weight 
bf  salt  in 
solution. 

Density. 

#* 

i 

15 

fA 

25 

/* 

35 

M 

/ 

Authority. 

Mn(N08)2 

18.31 

1. 148 

96.0 

76.4 

64.5 
104.6 
221.0 

Ik^ 

45 

Wagner. 

«< 

29.60 

49-3' 

1-323 
1.506 

167.^ 
396.8 

<t 

u' 

126.0 
301.1 

tf 
tt 

ft 
ft 

i88.'8 

ft 
ft 

ft 
tt 

MnS04 

^ii^ 

I.147 

120.4 
228.6 

15 

98.6 

25 

78.3 

35 

63.4 

45 

tt 

4< 

18.80 

1.251 

<( 

172.2 

ft 

137-1 

ft 

107.4 

ft 

tt 

<« 

22.08 

1.306 

661.8 

It 

474-3 

ft 

347-9 

ft 

266.8 

ff 

tt 

,     NaCl 

7-95 

— 

82.4 

10 

52.0 
60.1 

30 

31.8 

50 

— 

— 

Sprung. 

1         " 

14.31 

— 

94-8 

<i 

tt 

36.9 

ft 

— 

— 

ft 

•• 

23.22 

-" 

1-28.3 

tf 

79-4 

ft 

47-4 

ft 

— 

— 

t< 

1    NaBr 

iV^ 

~ 

75-6 

10 

48.7 

30 

34-4 

50 

— 

. 

tf 

(t 

■  - 

82.6 

tt 

61.7 

ft 

38.2 

ft 

— 

— 

ft 

M 

27.27 

— 

95-9 

11 

ft 

43-8 

tt 

— 

— 

tt 

Nal 

8.83 

— 

73-1 

10 

46.0 

30 

32-4 

50 

— 

— 

tt 

tf 

17.15 

— 

U'^ 

f< 

47-4 

ft 

33-7 

ft 

— 

— 

« 

ti 

35-69 

— 

86.0 

u 

55-7 

ft 

40.6 

ft 

- 

— 

ft 

(« 

55-47 

— 

157.2 

tt 

96.4 

tf 

66.9 

tf 

— 

— 

tt 

NaClOs 

11.50 

— 

78.7 

10 

50.0 

30 

35-3 

50 

— 

• 

tf 

1 

20.59 

— 

88,9 

tt 

56.8 

ft 

40.4 

ft 

- 

— 

ft 

4(. 

"33-54 

— 

121.0 

t< 

75-7 

tt 

53-0 

ft 

— 

— 

tt 

NaNOs 

7-25 

— 

75.6 

10 

47-9 

30 

33-8 
36.1 

50 

— 

— 

tf 

(( 

12.35 

— 

81.2 

a 

51.0 

ft 

ft 

— 

— 

tt 

tt 

18.20 

— 

87.0 

ft 

55-9 

tf 

39-3 

fi 

— 

— 

tt 

u 

31-55 

— 

121. 2 

t< 

76.2 

ft 

53-4 

tt 

— 

— 

tt 

m 

NaaS04 

4.98 

— 

96.2 

10 

59.0 

30 

40.9 

50 

— 

— 

tt 

X 

9.50 

- 

130.9 
187.9 

tt 

77-7 

ft 

53-0 

ft 

— 

— 

it 

M 

14.03 

— 

u 

107.4 

ft 

71.1 

ft 

— 

— 

tt 

ti 

1 

19-32 

— 

302.2 

ti 

166.4 

ft 

106.0 

ft 

— 

— 

tt 

1    Na2Cr04 

5.76 

1.058 

85.8 

10 

66.6 

20 

53-4 
63-5 

30 

43-8 

40 

Slotte. 

«< 

10.62 

1.112 

103-3 

tt 

79-3 

ft 

t< 

63.0 

ft 

• 

ft 

u 

14.81 

1.164 

127.5 

IC 

97.1 

tf 

77-3 

ft 

ft 

ft 

NH4C1 

3.67 

— 

71-5 

10 

450 

30 

31-9 

50 

— 

— 

Sprung. 

i« 

8.67 

— 

69.1 

u 

45-3 

ft 

32.6 

tf 

— 

— 

ft 

*< 

15.68 

— 

67.3 

ft 

46.2 

ft 

34-0 

ft 

- 

- 

it 

i< 

2337 

— 

67.4 

ft 

47.7 

ft 

36.1 

ft 

— 

— 

it 

NHiBr 

1597 

— 

65.2 

10 

43-2 

30 

31.5 

50 

- 

— 

u 

<( 

^5-33 

— 

62.6 

It 

43-3 

ft 

32.2 

ft 

— 

— 

it 

<( 

36.88 

— 

62.4 

ti 

44-6 

If 

34-3 

ft 

— 

^ 

tt 

NH4NO3 

5-97 

— 

69.6 

10 

44.3 

30 

31.6 

50 

— 

- 

tt 

« 

12.19 

— 

66.8 

tt 

44-3 

ft 

31-9 

ft 

— 

— 

tt 

«« 

•  27.08 

— 

67.0 

ft 

47-7 

ft 

349 

ft 

- 

— 

<f 

•< 

37.22 

— 

7^-7 

ft 

51.2 
63-3 

ft 

38.8 

tf 

- 

- 

ft 

.< 

49-83 

— 

81.1 

(t 

tt 

48.9 

ft 

^ 

— 

tt 

(NH4)2S04 

8.10 

— 

107.9 

10 

52.3 

30 

37-0 

50 

- 

— 

tt 

It 

15.94 

— 

120.2 

(t 

60.4 

ft 

43-2 

ft 

- 

— 

u 

, — 

25-51 

148.4 

ft 

74.8 

ft 

54.1 

ft 

u 
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TaBLK  167  (coMtiMued). 


VISCOSITY  OF  SOLUTIONS. 


Salt 

Percentage 

by  weight 

of  salt  in 

solution. 

Density. 

» 

/ 

¥^ 

t 

20 
« 

** 

30 

M 

/ 

Authority. 

1 

(NH4)aCr04 
it 

10.52 

19-75 
28.04 

1.063 
1. 120 

m 

101. 1 

10 

t( 

62.4 

70.0 
80.7 

57.8 

&.8 

42.4 
48.4 
56.4 

40 

Slotte. 

ti 

II 

(NH4)2Cr,07 

6.85 
13.00 

19.93 

1.030 
1.078 
1. 126 

72.6 
77.6 

10 

(* 

it 

56.3 

58.8 

20 

45.8 
46.8 

48.7 

30 

38.0 

39-1 
40.9 

40 
II 

K 

II 

u 
u 

NiCIa 

• 

11.45 
22.69 
30.40 

1. 109 
1.226 

1.337 

90.4 
140.2 
229.5 

•5 

70.0 
109.7 
171.8 

25 
t< 

'39-2 

35 

II 

48.2 

72.7 
111.9 

45 

M 

Wagner. 

M 
U 

Ni(N08)a 

16.49 
30.01 

40.95 

1.136 
1.278 
1.388 

90.7 

'35-6 
222.6 

70.1 
105.9 
169.7 

25 

4* 
« 

57.4 

128.2 

35 
II 

II 

48.9 

70.7 
1524 

45 
i« 

II 

a 

II 

M 

NiS04 

« 

10.62 
18.19 

2535 

1.092 
I.198 
I.3M 

94.6 

154.9 
298.5 

'5 

73.5 
119.9 

224.9 

25 
t( 

it 

60.1 

99-5 
173-0 

3;: 

II 

49.8 

75.7 
1524 

45 
i< 

u 

M 

Pb(N0,)2 

'793 
32.22 

1. 179 
1.362 

74-0 
91.8 

'5 

59.1 
72.5 

y 

48.5 
59.6 

35 
11 

40.3 
50.6 

45 
II 

«< 
l< 

Sr(NO,)g 

10.29 
21.19 
32.61 

T.088 
1. 124 

1.307 

69.3 

87.3 
1 16.9 

15 

*( 

M 

93-3 

25 

M 
If 

45-9 
57.8 
76.7 

3^ 

i< 

^.1 
62.3 

45 
II 

II 

M 
«< 

ZnCls 

u 

15-33 
23.49 
33-78 

1. 146 
1.229 

1-343 

93-6 
III. 5 

151.7 

'5 
tt 

«« 

72.7 

86.6 

117.9 

25 
•• 

It 

1^1 

90.0 

35 

II 

II 

48.2 
72.6 

45 
11 

II 

M 
«« 
U 

Zn(NO,)g 
(i 

15-95 
3023 
44.50 

1. 115 
1.229 

1-437 

80.7 
104.7 
167.9 

15 
•* 

u. 

643 

85.7 

130.6 

25 

«< 

*« 

52.6 

69.5 

105.4 

3? 

M 

43.8 

57-7 
87.9 

45 
•1 

M 

U 
M 

ZnSOi 
«* 

7.12 
16.64 

2309 

1. 106 
1.105 
1.281 

156.0 
232.8 

IS 

M 
(« 

72-3 

1 1 8.6 
177.4 

l« 
<l 

62.7 

94.2 

135-2 

35 
II 

u 

5'-5 

73-5 
108.1 

45 

It 

<i 

U 
«< 
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SPECIFIC  VI8C08iTY> 
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Dissolved  salt. 


Acids :  ClsOs  . 
HCl  .  . 
HCIO,  . 
HNO,  . 
H,S04   . 

Aluminium  sulphate 
Barium  chloride  . 

"       nitrate    . 
Calcium  chloride 

"        nitrate  . 

Cadmium  chloride 
"         nitrate 
"        sulphate 
Cobalt  chloride  . 
"      nitrate 
**      sulphate  . 

• 
Copper  chloride . 

"       nitrate    . 

"       sulphate 
Lead  nitrate    .    . 
Lithium  chloride 

"        sulphate 


u 


(I 


Magnesium  chloride 

nitrate  . 

sulphate 

Manganese  chloride 

**  nitrate  . 

*'  sulphate 

Nickel  chloride  .    . 

"      nitrate.    .    . 

"      sulphate  .    . 

Potassium  chloride  . 

"  chromate 

**  nitrate    . 

**  sulphate 


Sodium  chloride . 
"       bromide . 
"       chlorate 
**       nitrate    . 

Silver  nitrate  .    . 

Strontium  chloride 

"  nitrate 

Zinc  chloride  .    . 

"    nitrate     .    . 

**    sulphate .    . 


Normal  sulution. 


« 
2 


1.0562 
1.0177 
1.0485 
1-0332 
1.0303 

1.0550 
1.0884 

1.0446 
1.0596 

1.0779 
1.0954 

'•0973 
1.057 1 

1.0728 

1.0750 

1.0624 
1.0755 
1.0790 
1. 1380 
1.0243 

I-0453 

I-U75 
1. 051 2 

1.0584 

1.0513 

1.0690 

1.0728 

1-0591 

1.0755 

1.0773 
1.0466 

'•0935 
1.0605 

1.0664 

1. 040 1 
1.0786 
1.07 10 

1-0554 
1. 1386 

r.0676 
1.0822 
1.0590 
1.0758 
1.0792 


'2  8 
c/:  s: 


I.OI2 

1.067 
1.052 
1.027 
1.090 

1.406 

I.I23 

1*156 
1. 117 

1-134 

LlOq 

1.348 

1.204 
1. 166 

1-354 

1.205 
1.179 

1-358 

I.IOI 

1. 142 
1.290 

1. 20 1 
1. 171 
1.367 
1.209 
1-183 
1.364 

1.205 
1. 180 
1. 361 
0.987 
1. 113 

0.975 
1. 105 

1.097 
1.064 
1.090 
1.065 
1.058 

1. 141 
1. 115 
1. 189 
1. 164 

1-367 


^  normal. 


c 


1.0283 
1.0092 
1.0244 

1. 01 68 
1. 01 54 

1.0278 
1. 044 1 
1.0518 
1. 02 18 


\  normal. 


1.003 
1.034 
1.025 
1. 01 1 
1.043 

1. 178 
1.057 
1.044 
1.076 


1.0300 

1053 

1.0394 

1-063 

1.0479 

1.074 

1.0487 

1.157 

1.0286 

1.097 

1.0369 

1.075 

1.0383 

1. 160 

I -03' 3 

1.008 

1.0372 

1.080 

1.0402 

1. 160 

0.0699 

1.042 

1. 01 29 

1.066 

1.0234 

1137 

1.0188 

1.082 

1.0259 

1 .0297 

1. 164 

1.0259 

1.098 

10349 

1.087 

1-0365 

1. 169 

1.0308 
1. 038 1 

1.007 
1.084 

1. 0391 

1. 161 

1.0235 

0.987 

1-0475 

1.053 
0.982 

1.0305 
1.0338 

1.049 

1.0208 

1.047 

1.0396 

1.030 

10359 

1.042 

1.028 1 

1.026 

1.0692 

1.020 

1.0336 

1.067 

1. 041 9 

1.049 

1.0302 

1.096 

1.0404 

1.086 

1.0402 

1-173 

•0143 
.0045 

.0120 

.0086 
•0074 

.0138 
.0226 

.0259 

.0105 
.0151 

.0197 

.0249 
.0244 
.0144 
.0184 

•0193 
.0158 

.0185 
.0205 

•0351 

.0062 
.0115 

.0091 
.0130 
.0152 
.0125 

.0174 
.0179 

.0144 
.0192 
.0198 
.0117 
.0241 
.0161 
.0170 

.0107 
.0190 
.0180 
.0141 

.0348 

.0171 
.0208 
.0152 
.0191 
.0198 


11 


I 


.000 

.017 
.014 
.005 

.022 

.082 
.026 
.021 
.036 
.022 

.031 
-038 
.078 
.048 
.032 

-077 

.047 
.040 
.080 
.017 

.065 

.044 
.040 
.078 
.048 

•043 
.076 

•044 
.042 

075 
990 
022 

987 
021 

024 
015 
022 
012 
006 

034 
024 

053 

9 


I  normal. 


-0074 
•0025 
.0064 
.0044 

■0035 

.0068 
.0114 
.0130 
.0050 
.0076 

.0098 
.0119 
.0120 
.0058 

.0094 
.0110 

•0077 
.0092 
.0103 
.0175 
.0030 
•0057 

.0043 
.0066 
.0076 
-0063 
.0093 
.0087 

.0067 
.0096 
.0017 
.0059 
.0121 
.0075 
.0084 

.0056 
.0100 
.0092 
.0071 

•0173 

.0084 
.0104 
.0077 
.0096 
.0094 


l 


C/5*> 


0.999 
.009 
.006 
.003 
.008 

.038 
.013 
.008 
.017 
.008 

.020 
.018 

•033 
-023 

.018 

.040 

.027 
.018 
.038 
.007 
.012 
-032 

.021 
X)20 
-032 
.023 
.023 

.037 


.021 
.019 
.032 

0.993 
.012 

0.992 

.008 

.013 
.008 
.012 
.007 

.000 

• 

.014 
.Oil 

.024 
.019 

.036 


Authority. 


Reyher. 


%t 


u 
u 


Wagner. 


« 

I* 
<i 

K 
<« 
U 
«< 
(I 
«< 

l< 
«< 
« 
tt 

u 
u 

l< 
(« 
II 
l« 
u 
tt 

tt 
tt 
tt 
t* 
tt 
tt 
tt 


Reyher. 


4( 


(( 


(I 


Wagner. 


u 
tt 
tt 
tt 
tt 


*  In  the  case  of  solntions  of  salts  it  has  been  found  (vide  Arrhenniiis,  Zeits.  fUr  Phjrs.  Chem.  vol.  i,  p.  285)  that 
the  specific  viscosity  can,  in  many  cases,  be  nearly  expressed  by  the  equation  ^  =  ^|*,  where  ft^  is  the  spednc  viscosity 
for  a  normal  solution  referred  to  the  solvent  at  the  same  temperature,  and  m  the  number  of  ^mme  molecules  in  the 
solution  under  consideration.  The  same  rule  may  of  course  be  applied  to  solutions  stated  m  percentages  instead  of 
gramme  molecules.  The  table  here  given  has  been  compiled  from  the  results  of  Reyher  (Zeits.  fiir  Phys.  Chem.  vol.  a, 
p.  74g)  and  of  Wagner  (Zeits.  fiir  Phys.  Chem.  vol.  5,  p.  31)  and  illustrates  this  rule.    The  numbers  are  all  for  35^  C 
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Table  1M. 
VISCOSITY  OF  GASES  AND  VAPORS. 
The  values  of  /i  given  in  the  table  are  10^  times  the  coefficients  of  viscosity  in  C.  G.  S.  units. 


Substance. 


Acetone. 
Air*.... 


Alcohol,  Methyl. . . . 

Alcohol,  Ethyl 

Alcohol,  Propyl, 

norm 

Alcohol,  Isopropyl. . 

Alcohol,  Butyl,norm. 

Alcohol,  Isobutyl. . . 

Alcohol,  Tert.  butyl. 

Ammonia 

it 


Aigon. 


(C 

<( 


Benzole. 


n 


Caibon  bisulphide 
Caifoon  dioxide 


It 

tl 


tl 
tt 
(( 
If 


Caibon  monoxide. . 

It  n 

Chlorine 


Teinp. 


i< 


Chloroform, 

II 
Ether 


18.0 

-21.4 

0.0 

ISO 
99.1 

182.4 

302.0 

66.8 

78.4 

97-4 

82.8 
116. 9 
108.4 

82.9 
0.0 

20.0 
0.0 

14.7. 

17.9 

99  7 

183.7 
o. 

19.0 
100. o 

16.9 
-20.7 
o. 

150 

99.1 
182.4 

302.0 
0.0 

20.0 
0.0 

20.0 
0.0 

174 

61.2 
0.0 


78. 

163.9 

1733 
180.7 

220.3 

255 -9 

299-3 

135- 
142. 

142. 
162. 

143- 
144. 

160. 

96. 

108. 

210.4 

220.8 

224.1 

273 -3 
322.1 

70. 

79' 
118. 

92 
129 

142 

145 
186 


4 
4 


222.1 
268.2 
163.0 
184.0 
128.7 
147.0 

95  9 
102.9 

189.0 

68.9 


Refer- 
encc. 


I 
2 
2 
2 
2 
2 
2 

3 
.  3 

3 

3 

3 

3 

3 

4 

4 

S 

5 

5 

5 

5 
10 

6 

6 

I 
2 

10 
2 
2 
2 
2 

10 

4 

4 

4 
I 

I 

3 
I 


Substance. 


Ether 

Ethyl  chloride. . . 

Ethyl  iodide 

Ethylene 

Helium 

i( 

(( 

Hydrogen 

(( 

C( 

(( 
<( 
i( 

Krypton 

Mercury 

tt 

It 

tt 

It 

Methane. ....... 

Methyl  chloride . . 

<(  (i 

tt  it 

Methyl  iodide 

Nitrogen 

tt 

It 

tt 

Nitric  oxide 

Nitrous  oxide.  . . . 
Oxygen 

tl 

Water  Vapor 

it         it 

tt         it 
Xenon 


Temp. 

•c 


.0 
.0 

3 
.6 

.6 


16. 1 

36.5 
o. 

72.3 
o 

o 

15 

66 

184 

-20.6 

0.0 

IS- 
99  2 

182 

302 

15 
270 

300 

330  o 
360.0 

390.0 

20.0 

o 

IS 
302 

44 
-21 

•     o 

10 

S3 


4 
o 

o 

o 

o 


o 
o 
o 
o 

5 

9 
5 


o. 
o. 
o. 

iS-4 

535 
0.0 

16.7 

100. o 

15. 


73.2 
79  3 

93  5 
216.0 

96.1 
189. 1 
196.9 
234.8 
269.9 

81.9 

86.7 
88.9 

ioS-9 
121. 5 

139.2 
246. 
4894 
532.  t 
582.  t 
6c7.t 
671.  t 
120. 1 

98.8 
105.2 
213.9 
232. 

156.3 
166. 

170.7 

189.4 
179. 

138. 
189. 

195. 7 
215.9 

90.4 

96.7 

132.0 

222. 


I 
I 
4 

3 

2 

5 

5 
5 

5 

2 

10 

2 
2 
2 
2 
II 
8 
8 
8 
8 
8 

4 

2 

2 
2 

3 

7 
10 

7 

7 
10 

10 

10 

7 

7 

I 

I 

9 
II 


1  Puluj,  Wien.  Ber.  69  (2),  1874. 

2  Breitenbach,  Ann.  Phys.  5, 1901. 

3  Steudel,  Wied.  Ann.  16, 1882. 

4  Graham,  .Philos.  Trans.  Lond.  1846,  HI. 

5  Schultze,  Ann.  Phys.  (4),  5,  6,  1901. 

6  Schumann,  Wied.  Ann.  23, 1884. 

7  Obermayer,  Wien.  Ber.  71  (2a),  1875. 

8  Koch,  Wied.  Ann.  14,  1881, 19, 1883. 


9  Meyer-Schumann,  Wied.  Ann.  13,  1881. 

10  Jeans,  assimied  mean,  1916. 

11  Rankine,  1910. 

12  Vogd  (Eucken,  Phys.  Z.  14,  1913).    For 

summaries  see:  Fisher,  Phys.  Rev.  24, 
1904;  Chapman,  Phil.  Tr.  A.  211. 
191 1 ;  Gilchrist,  Phys.  Rev.  i,  191 3. 
Schrnidt,  Ann.  d.  Phys.  30,  1909. 


*  Gilchrist's  value  of  the  viscosity  of  air  may  be  taken  as  the  most  accurate  at  present  avail- 
able. His  value  at  20.2°  C  is  1.812  x  io~*.  The  temperature  variation  given  by  Holman  (Phil. 
Mag.  1886)  gives  n  -  1715-50  X  io"^(i  +  .00275/  -  .00000034/*).  See  Phys.  Rev.  i,  1913. 
Millikan  (Ann.  Phys.  41,  759,  191 3)  gives  for  the  most  accurate  value  fXt  -  0.00018240  - 
0.000000493(23-/)  when  (23>/>i2)  whence  >i»  -  0.0001809  *  o.i  %.  For  fio  he  gives 
0.0001 71 1. 

fThe  values  here  given  were  calculated  from  Koch's  table  (Wied.  Ann.  19,  p.  869,  1883) 
by  the  formula  /x  -  489  [i  -h  746 (/  -  270)]. 
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VISCOSITY  OF  GASES. 
Variation  of  Viscosity  with  Pressure  and  Temperature. 
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According  to  the  kinetic  theory  of  gases  the  coefficient  of  viscosity  /i  »  i(p^Oi  P  being  the 
density,  c  the  average  velocity  of  the  molecules,  /  the  average  path.  Since  /  varies  inversely 
as  the  number  of  molecules  per  unit  volume,  p/  is  a  constant  and  /i  should  be  independent  of  the 
density  and  pressure  of  a  gas  (Maxwell's  law).  This  has  been  found  true  for  ordinary  pressures; 
below  ^ff  atmosphere  it  may  fail,  and  for  certain  gases  it  has  been  proved  untrue  for  high  pres- 
sures, e.g.,  COj  at  33®  and  above  50  atm.    See  Jeans,  "  D)niamical  Theory  of  Gases." 

c  depends  only  on  the  temperature  and  the  molecular  weight;  viscosity  should,  therefore, 
increase  with  the  pressures  for  gases,  c  varies  as  the  Vt,  but  fj,  has  been  found  to  increase  much 
more  rapidly.  Meyer's  formula,  fxt  ^  tUi(i  +  a/),  where  a  is  a  constant  and  /Xo  the  viscosity  at 
o^  C,  is  a  convenient  approximate  relation.    Sutherland's  formula  (Phil.  Mag.  31,  1893). 

273  +c 


t^t"  y^o 


T   +C 


\273/ 


is  the  most  accurate  formula  in  use,  taking  in  account  the  effect  of  molecular  forces.  It  holds 
for  temperatures  above  the  critical  and  for  pressures  following  approximately  Boyle's  law.    It 

may  be  thrown  into  the  form  T  ->  KT^/fi  —  C  which  is  linear  in  terms  of  T  and  rVM»  with  a 
slope  equal  to  K  and  the  ordinate  intercept  equal  to  -C.  See  Fisher,  Phys.  Rev.  24,  1907, 
from  which  most  of  the  following  table  is  taken.  Onnes  (see  Jeans)  shows  that  this  formula  does 
not  represent  Helium  at  low  temperatures  with  anything  like  the  accuracy  of  the  simpler  formula 
fJL  -  iUo(r/273.i)*. 

The  following  table  contains  the  constants  for  the  above  three  formulae,  T  being  always  the 
absolute  temperature,  Centigrade  scale. 


Gas. 


Air 

Argon 

Carbon  mo- 
noxide. . . 
Carbon  dioxide 
Chloroform . 
Ethylene.  . . 

Helium 

Helium 


c 

K 

Xio» 

a 

n* 

124 

150 

,   , 

.754 

172 

206 

.819 

102 

135 

.00269 

.74 

240 

158 

.00348 

.98 

454 

IS9 

226 

106 

.00350 

— 

80 

148 

.683 

.647 

Gas. 


Hydrogen. . .  . 

Krypton 

Neon 

Nitrogen 

Nitrous  oxide, 

N2O 

Oxygen. 

Xenon 


72 
188 
252 
no 

131 
252 


K 

Xio' 


66 


143 

172 
176 


,00269 
0034s 


69 


.74 

•93 
•79 


*The  authorities  for  n  are:  Air,  Rayleigh;  Ar,  Mean,  Rayleigh,  Schultze;  CO,  CO2,  N2, 
N2O,  von  Obermayer;  Helium,  Mean,  Rayleigh,  Schultze;  2d  value,  low  temperature  work  of 
Onnes;  Hi,  O2,  Mean,  Rayleigh,  von  Obermayer. 
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1 66  Table  161. 

DIFFUSION  OF  AN  AQUEOUS  SOLUTION  INTO  PURE  WATER. 

If  ^  is  the  coefficient  of  diffusion,  (/S  the  amount  of  the  substance  which  passes  in  the  time  dt, 
at  the  place  x,  through  ^  sq.  cm.  of  a  diffusion  cylinder  under  the  influence  of  a  drop  of  concen- 
tration del dx,  then  . 

dS^^kq^dt. 

k  depends  on  the  temperature  and  the  concentration,  c  gives  the  gram-molecules  per  liter. 
The  unit  of  time  is  a  day. 


Substaaoe. 

c 
0.1 

/o 

k 

Refer- 
ence 

Substance. 

c 

/o 

k 

4 

Bromine  . 

12. 

0.8 

Calcium  chloride 

0.864 

8.5 

a7o 

Chlorine  . 

.■ 

12. 

1.22 

t( 

i<             ti 

•        ■ 

1.22 

9- 

a72 

"    1 
1 

Copper  sulphate 

41 

17- 

0-39 

2 

ti             ti 

0.060 

9- 

0.64 

a     1 

Glycerine 

<» 

10.14 

0-357 

3 

II             1* 

•        • 

0.047 

9- 

0.68 

"     1 

Hydrochloric  acid   . 

it 

19.2 

2.21 

2 

Copper  sulphate 

1.95 

17- 

0.27 
0.26 

2     '■ 

Iodine 

t< 

12. 

(0.5) 

I 

It            it 

0.95 

17- 

li 

Nitric  acid 

t» 

I9.S 

2.07 

2 

II           <i 

•                ■ 

0.30 

17. 

0-33 

tC 

Potassium  chloride  . 

it 

17-5 

1.38 

2 

<i                  if 

•                         t 

0.005 

17- 

0.47 

ii 

"          hydrate  . 

it 

135 

1.72 

2 

Glycerine 

2/8 

10.14 

0.354 

3 

Silver  nitrate   . 

*tt 

12. 

0.985 

2    ' 

ti 

•        «        • 

6/8 

10.14 

0.345 

»i 

Sodium  chloride 

(( 

iS-o 

0.94 

2 

<t 

... 

10/8 

10.14 

0.329 

it 

Urea 

It 

14.8 

0.97 

3 

it 

... 

14/8 

10.14 

0.300 

it 

Acetic  acid 

0.2 

13-5     077 

4 

Hydrochloric  acid    . 

4.52 

i'-5 

2.93 

4 

Barium  chloride 

M 

8. 

0.66 

4 

ti             it 

3.16 

II. 

2.67 

t« 

Glycerine 

(t 

lO.I 

0.07 

3 

li             t( 

0.945 

II. 

2.12 

•• 

Sodium  actetate 

(« 

12. 

5 

tt             ti 

0.387 

II. 

2.02 

tt 

"      chloride       . 

*< 

15.0 

0.94 

2 

«             ti 

0.250 
2.18 

II. 

1.84 

if 

Urea 

(1 

14.8 

0.969 

I 

Magnesium  sulphate 

5-5 

0.28 

4 

Acetic  acid 

1.0 

12. 

0.74 

ti              ti 

0.541 

5-5 

0.32 

«* 

Ammonia         . 

(t 

15-23 

1.54 

7 

ii                       it 

zn 

10. 

0.27 

u 

,  Formic  acid     . 

tt 

12.    ;  0.97 

7 

tt                      li 

0.402 

la 

0.34 

it 

1 

Glycerine 

t« 

10.14 

0-339 

\ 

Potassium  hydrate  . 

0.75 

12. 

1.72 

6  ' 

Hydrochloric  acid    . 

t( 

12. 

2.09 

li               tt 

0.49 

12. 

1.70 

it 

Magnesium  sulphate 

<l 

7- 

0.30 

4 

t<                          ii 

0.375 

12. 

1.70 

It 

Potassium  bromide . 

<t 

10. 

*>3 

8 

nitrate    . 

3-9 

17.6 

a89 

2 

"          hydrate  . 

ti 

12. 

1.72 

6 

ti                       tt 

1.4 

17.6 

1. 10 

*i 

Sodium  chloride 

t( 

150 

0.94 

2 

ti                       li 

03 

17.6 

1.26 

c* 

M                      i( 

•                                • 

«( 

14.3 

0.964 

3 

U                              ti 

0.02 

17.6 

1.28 

tt 

"        hydrate      . 

41 

12. 

I. II 

2 

"           sulphate 

0.95 

0.2^ 

19.6 

0.79 

tt 

iodide 

«< 

10. 

0.80 

8 

it               "   ■     . 

19.6 

0.86 

if 

Sugar 

It 

12. 

0.254 

6 

It                           u 

0.05 

19.6 

0.97 

it 

Sulphuric  acid 

t« 

12. 

1. 12 

6 

1             it                      u 

0.02 

19.6 

I.OI 

u 

Zinc  sulphate  . 

tt 

14-8 

0.236 

9 

Silver  nitrate    . 

3-9 

12. 

a88 

i( 

Acetic  acid 

2.0    12. 

0.69 

0   i 

,      it           it 

0.9 

12. 

It 

Calcium  chloride     . 

"      10. 

0.68 

S 

'      ti           it 

0.02 

12. 

1.035 

It 

Cadmium  sulphate  . 

"       19.04 

0.246 

1 
9   ' 

1  Sodium  chloride 

2/8 

14.33 

1.013 

3 

Hydrochloric  acid   . 

"       12. 

2.21 

6 

ti            if 

•        • 

4/8 

1 4-33 

0.996 

tt 

Sodium  iodide 

"      10. 

0.90 

8 

ti            11 

«        • 

6/8 

-^AZZ 

0.980 

2 

Sulphuric  acid 

"       12. 

1. 16 

6 

it            ti 

•        • 

10/8 

14.33 

0.948 

"     1 

Zinc  acetate 

"       18.05 

0.210 

9 

ft            ff 

• 

14/8 

14.33 

0.917 

M 

K                 It 

• 

"    j     0.04'  0.120 

9 

'  Sulphuric  acid 

9.85 

18. 

2.36 

2 

Acetic  acid 

3.01  12. 

068 

ti                      n 

%                  . 

4.85 

18. 

1.90 

tf 

1 

Potassium  carbonate 

"    1  10. 

0.60 

8 

It                 ii 

2.85 

18. 

1.60 

ii   1 

"          hydrate  . 

"    1  12. 

1.89 

6 

ft                        M 

0.85 

18. 

1.34 

*•  1 

Acetic  acid      . 

4.0  1  12. 

0.66 

6 

0.35 

18. 

1.32 

tf 

Pota.s.sium  chloride . 

t< 

10. 

f.27 

8 

•                               • 
I 

0.005 

18. 

1.30 

II 

I  Euler,  Wied.  Ann.  63,  1897. 

5  Kawalki,  Wied. 

6  Arrhenius,  Zeitsi 

Ann.  52,  1894; 

59.  189 

d 

2  Thovert,  C.  R.  133,  1901 ;  134,  1902. 

:hr.  Phys.  Chenr 

1.  10,  1892. 

3  Heimbrodt,  Diss.  Leipzig,  1903. 

7  Abegg,  Zeitschr. 

Phys.  Chem.  i 

t,  1893. 

4  Scheffer,  Chem.  Ber.  iq,   1882;    16, 

1883 

;     8  Schuhmeister,  V 

iTicn.  Ber.  79  (2) 

.  1879. 

Zeitschr.  Phys  Chem."  2,  1888. 

9  Seitz,  Wied.  An 

n.  64,  1898. 

Compiled  from  Landoh-Bdrnstein-Meyerhoffer's  PhysikaliKh-chemiache  Tabellen. 
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DIFFUSION  OF  VAPORS. 
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Coefficients  of  difihislon  of  vapors  in  C.  G.  S.  units.    The  coefficients  are  for  the  temperatures  given  in  the  table  and 

a  pressure  of  76  centimeters  of  mercury.* 


Vapor. 

Temp.  C. 

ht  for  vapor 
diffusing  into 

hi  for  vapor 
diffusing  inio 

ht  for  vapor 
diffusing  into 

0 

hydroRcn. 

air. 

carbon  dioxide. 

Acids:  Formic        .... 

0.0 

05131 

O.I315 

0.0879 

•                •                ■                • 

65.4 

0.7873 

0.2035 

0.1343 

t                •                •                • 

84.9 

0.8830 

0.2244 

O.1519 

Acetic          .... 

ao 

0.4040 

0.1 061 

0.0713 

.... 

6^.5 
98.5 

0.621 1 

0.1578 

0.1048 

•                •                •                • 

a748i 

0.1965 

O.132I 

Isovaleric    .... 

0.0 

0.21 18 

0.0555 

0.0375    . 
0.0696 

.... 

98.0 

0.3934 

O.IO3I 

Alcohols :  Methyl    .... 

0.0 

0.5001 
0,0015 
0.6738 

0.1325 

0.0880 

i« 

.... 

25.6 

0.1620 

0. 1046 

.... 

49.6 

0.1809 

0.1234 

Ethyl       .... 

0.0 

0.3806 

0.0994 

0.0693 
0.0898 

(4 

.... 

40.4 

0.5030 

0.1372 

•                                    •                                   •                                   t 

66.9 

0.5430 

0.1475 

0.1026 

Propyl     .... 

0.0 

0.3153 

0.0803 

0.0577 

it 

.... 

66.9 

0.4832 

0.1237 

0.0901 

.  i* 

.... 

835 

0.5434 

0.1379 

0.0976 

Butyl       .... 

0.0 

0.2716 

0.0681 

0.0476 

u 

.                  .             *      .                  . 

99.0 

0.5045 

0.1265 

0.0884 

Amyl       .... 

0.0 

0.2351 

0.0589 

0.0422 

•                ■                •                • 

99.1 

0.4362 

.0.1094 

.  0.0784 

Hexyl      .... 

0.0 

0.1998 

0.0499 

0.0351 

U 

•                •                •                • 

99.0 

0.3712 

0.0927 

0.0651 

Benzene   .        

0.0 

0.2940 

0.0751 

O.OJ27 
0.0609 

...... 

19.9 

0.3409 

O.0S77 

45-0 

0.3993 

O.IOII 

0.07 1 5 

Carbon  disulphide    .... 

0.0 

0.3690 

0.0883 

0.0629 

«              t< 

.... 

It                           41 

•                                •                                •                                • 

19.0 
328 

0.425c 
0.4626 

O.IOI5 

O.I  120 

0.0726 
0.0789 

Esters :  Methyl  acetate    . 

0.0 

0.3277 

0.0840 

0.0557 

%(            It 

20.3 

0.3928 

O.IOI3 

0.6679 

Ethyl         "         !         !         ! 

0.0 

0.2373 

0.0630 

0.0450 
0.0666 

u                      << 

46.1 

0.3729 

0.0970 

Methyl  butvrate . 

0.0 

0.2422 

0.0640 

0.0438 

.1                  ii 

Q2.I 

a43o8 

0.1 139 

0.0809 

Ethyl          "        !        !        .' 

0.0 

0.2238 

0.0573 

0.0406 

"              "... 

96.5 

0.41 12 

0.1064 

0.0756 
0.0366 

"     valerate     . 

0.0 

0.2050 
0.3784 

0.0505 

«                       M 

97.6 

0.0932 

0.0676 

Ether 

0.0 

0.2960 

0.0775 

0.0552 
0.0636 

...... 

19.9 

0.3410 

0.0893 

Water 

0.0 

0.6870 

0.1980 
0.2827 

o.nio 

u 

...... 

49-5 

1. 0000 

0.1811 

f« 

...... 

92.4 

1. 1794 

0.3451 

0.2384 

•  Taken  from  Winkclmann's  papers  (Wied.  Ann.  vols.  2 a,  23,  and  26).  The  coefficients  for  0°  were  calculated 
by  Winkelmann  on  the  assumption  that  the  rate  of  diffusion  is  proportional  to  the  absolute  temperature.  According 
to  the  investigations  of  Loschmidt  and  of  Obermeyer  the  coefficient  of  diffusion  of  a  gas,  or  vapor,  at  0°  C.  and  a 
pressure  of  76  centimetres  of  mercury  may  be  calculated  from  the  observed  coefficient  at  another  temperature  and 

pressure  by  the  formula  k^=kj,(4^)   ^  where  T  is  temperature  absolute  and  p  the  pressure  of  the  gas.    The 

exponent  m  is  found  to  be  about  1.75  tor  the  permanent  gases  and  about  2  for  condensible  gases.  The  following 
are  examples:  Air— CO,,  «=i.968;  CO,— N,0,  «  =  2.o5;  CO,— H,  «=i.742;  CO  — O,  »=i.78s:  H  — O, 
n=  1.755;  O  —  N,  i«=  1.792.  Winkclmann's  results,  as  given  in  the  above  table,  seem  to  give  about  a  for  vapors 
diffusing  into  air,  hydrogen  or  carbon  dioxide. 
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Tables  163-164. 


DIFFUSION  OF  GASES,  VAPORS,  AND   METALS. 

TABLE  16S.  ^OcMfflcianti  of  DUfulon  for  Varlons  Omm  and  Vapon.* 


Gas  of  Vapor  difiosing. 


Air 


f^M*                •           .           •           •           I 

«                      ■                      ■                      • 

Carbon  dioxide 

44                           44 
it                          it 
4<                          « 
4(                       t< 
4(                         (( 
<«                         41 
(4                         44 

Carbon  disulphid< 
Carbon  monoxide 

44                             %t 
44                            (4 
4(                            44 
44                            14 

Ether  .     .    .    .    . 

44 

■          •          •         •         1 

Hydrogen    .    .    . 

44 

•  • 

44 

44 

44 

m          • 

41 

•  •         i 

44 

•  ■                   ■ 

U 

•  1 

Nitrogen      .    .    . 
Oxygen    .     .     . 

44 

•  •              •               4 

44 

•  •         •         1 

Sulphur  dioxide 
Water     ,     .    . 

4i 

■          •         •          • 

•  •         ■         < 

» 
t^ 

Gas  or  Vapor  difEused  into. 


Hydrogen 
Oxygen 
Air      .     . 


u 


Carbon  monoxide 

44  44 

Hydrogen     .    .  , 

Methane  .     .    .  . 

Nitrous  oxide    .  , 

Oxygen     .    .    .  , 

Air , 

Carbon  dioxide 

Ethylene  .    .    .  . 

Hydrogen     .     .  . 

Oxygen     .    .     .  , 


Air 

Hydrogen     .     . 

Air 

Carbon  dioxide 

*'       monoxide 
Ethane     .     .     . 
Ethylene  ... 
Methane  ... 
Nitrous  oxide   .    . 
Oxygen     ... 


44 


Carbon  dioxide 
Hvdrogen  .  • 
Nitrogen  .  .  . 
Hydrogen  .  . 
Air 


44 


Hydrogen 


Temp. 


O 
O 
O 
O 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8 
i8 
i8 


Coefficient 
of  Diffusion. 


0.661 

0.1775 
0.1423 

0.1360 

0.140$ 

O.1314 

0.5437 
0.1465 

0.0983 

0.1802 

0.0995 

O.I314 

O.I  01 

0.6422 
0.1802 
0.1872 
0.0827 
0.3054 
0.6340 

0-5384 
06488 

04593 
0.4863 

0.6254 

0.5347 
0.6788 

0.1787 

0.1357 
0.7217 

0.1710 

0.4828 

0.2390 

0.2475 
0.8710 


Authority. 


Schulze. 

Oberma^er. 

Loschmidt 

Waitz. 

Loschmidt. 

Obermayer. 
«• 

44 

Loschmidt. 

44 

Stefan. 
Obermayer. 

44 

Loschmidt. 
44 

Obermayer. 

Stefan. 
44 

Obermayer. 
44 

44 

a 
44 

44 
«4 
4i 
44 
44 

Loschmidt. 

Obermayer. 

Loschmidt. 

Guglilemo. 
44 

44 


*  Cominled  for  the  moat  part  from  a  similar  table  in  Landolt  &  Bornstein's  Phys.  Chem.  Tab. 


TABLE  IM.-  Dlftmlan  of  Mttali  Into  Kottbk 


dt    ""Vjr*' 


where  x  is  the  distance  in  direction  of  diffusion ;  r,  the  degree  of  concentration  of 
the  diffusing  metal ;  A  the  time ;  k,  the  diffusion  constant  =  the  quantity  of  metal 
in  grams  diffusing  through  a  sq.  cm.    in  a  day  when  unit  difference  of  concentra- 
tion (gr.  per  cu.  cm.)  is  maintained  between  two  sides  of  a  layer  one  cm.  thick. 


Diffusing  Metal. 

Dis-solving 
Metal. 

Tempera- 
ture 0  C. 

- 

Diffusing  Metal. 

Dissolving 
Metal. 

Tempera- 
ture 0  C. 

k. 

Gold     .     . 

Lead     . 

555 

319 

Platinum  . 

Lead     . 

492 

1.69 

(4 

492 

3.00 

Lead    .     . 

Tin  .     . 

555 

3.18 

4i 

251 

0.03 

Rhodium . 

Lead     . 

550 

3-04 

•* 

• 

200 

0.008 

Tin      .    . 

Mercury 

15 

1.22* 

44 

165 

0.004 

Lead    .     . 

44 

15 

I.O* 

44 

100 

0.00002 

Zinc     .     . 

44 

15 

1.0* 

Bismuth 

555 

4.52       ' 
4.65 

Sodium 

(4 

15 

0-45* 

Tin   .     . 

555 

Potassium 

<4 

15 

040* 

Silver  . 

•         • 

555 

4.14 

Gold     .    . 

44 

15 

0.72* 

From  Roberts- Austen,  Philosophical  Transactions,  187A,  p.  383,  1896. 
*  These  values  are  from  Guthrie. 
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SOLUBILITY  OF  INORGANIC  SALTS   IN  WATER;  VARIATION  WITH 

THE    TEMPERATURE. 

The  numbers  give  the  number  of  grams  of  the  anhydrous  salt  soluble  in  1000  grams  of  water  at 

the  given  temperatures. 


C»       1a. 

Temperature  Centigrade 

1 

....... 

Salt. 

o^' 

loO 

1 

20°        30° 

40°       50° 

60° 

70° 

80O  '    90° 

1 

lOO® 

AgNOg 

1 1 50 

1600 

* 

2150!  2700    3350,4000 

4700 

5500 

1 
6500  !  7600 

9100, 

Al2(S04)8     .      .      . 

3U 

335 

362       404 

457 

521 

59i 

73' 

»o»i    »9i  1 

AlaKaiSO*)*    .    . 

3° 

84        - 

248 

- 

— 

— 

1540, 

Ala(NH4)2(S04)4 

26 

45 

66       9' 

124 

'59 

211 

270 

352 

— 

— 

BjOs 

II 

15 

22  ,    - 

40      - 

62 

— 

95 

— 

IS 

BaCls      . 

316 

333 

357      382 

408      436 

464 

494 

524 

\S6 

Ba(NO,)j 

I    •    •     < 

50 

70 

92      116 

142      171 

203 
136? 

236 

270 

306 

342 

CaCl,      . 

595 

650 

745     lOIO;  1 1 53 

"" 

1417 

1470 

1527 

1590 

CoCla      . 

405 

450 

500 

565 

650 
2080 

935 

940 

950 

960 

— 

1030 

CsCl  .    , 

1614 

1747 

1865 

1973 

2185 

^o^o 

2395 

2500 

2601 

2705 

CsNOa    . 

93 

149 

230;     339 
1787  j  184I 

472 

644 

838 

1070 

13-^^ 

1630 

1970 

CsqSO*  . 

1671 

^73^ 

1899    1949 

1999 

2050 

2103  ;  2149 

2203 

CulNOg)- 

%    •    • 

818 

1250 

_ 

1598      - 

1791 

- 

2078' 

— 

— 

CUSO4    . 

149 

- 

255 

295      336 

390 

457 

535 

627 

735 

FeCla.    . 

- 

- 

685         - 
918!      - 

— 

820 

— 

- 

1040  ;  1050 1  ioe>o  II 

FcjCl.    . 

744 

819 

— 

3'5i 

— 

- 

5258 

-      5357 

FeS04 

156 

208 

264        330 

74        84 

402 

486 

550 

560 

506 

430  j    -     j 

HgCla 
KBr    .    . 

43 

66 

^ 

"3 

8^ 

«73 

243 

371 

540 

540 

*" 

650       - 

760  1     - 

— 

955 

— 

1050 
1500 

KsCOs    . 

1050 
285 

— 

1 140  ;  1170 

1210 

1270 

1330 
483 

1400 

1470 

KCl    .    . 

3'2 

343 

373  1    401 

429 

'M 

510 

538 

566 

KClOg    . 

33 

50 

71 

loi  ,    145 

197 

325 

396 

475 

560 

K2Cr04  . 

589 

^ 

629 

650 

670 

690 

710 

730 

75' 

77' 

79' 

KaCraOT 

50 

85 

131 

- 

292 

— 

600 

— 

730 

— 

1020 

KHCOs . 

225 

277 

332 

390" 

453 

5i^' 

— 

— 

— 

^ 

KI      .    . 

1279 

1 361 

1442 

1523 

1600 

1680 

1760 

1840 

1920 

2010  1  2090 II 

KNOs     . 

133 

209 

316 

4S8 
1260 

639 

855 

1099 

1380 

1690 

2040 

2460 

KOH.    . 

970 

1030 

1 1 20 

1300 

1400 

1460 

I  510   .. 

'590 

1680 

1780 

KjPtCU  . 

7 

9 

II 

14 

18 

22 

26*. 

32 

38 

228 

52 

K,S04    . 

74 

92 

III 

«3o 

148 

165 

182- 

198 

214 

241 

LiOH      . 

127 

127 

128 

129 

130 

133 

138 

144 

Jg 

— 

'75 

MgCl,     , 

528 

535 

35S 

— 

450 

610 

— 

— 

730 

MgS04 

.    .      (7aq) 

260 

309 

409 

— 

— 

— 

— 

,^/% 

£X 

44 

1 

.    .      (6aq) 

408 

422 

439 

453 

— 

504 

550 

602 

642 

689 

738 

NH4CI 

»        •        •        •        • 

297 

333 

372  414 

458 

504 

552 

656 

7'3 

773 

NH4HCO8.     . 

»        • 

119 

159 

210  270 

— 

- 

— 

— 

— 

— 

— 

NH4NO8    '.     .     . 

1        • 

'lU 

^ 

-    2418 

2970 

3540? 
844 

^22°-^ 

5130? 

5800  '  7400 

8710 

(NH4)2S04.      .      . 

1          m 

730 

754 

780 

810 

880 

916 

953 
1185 

992    1033  1 

NaBr 

1          • 

795 

845 

16 

903 

1058 

1 160 

1 170 

- 

/% 

1205 

Na3B407      .     . 

1          • 

39 

— 

105 

200 

244 

3'4 

408 

523 

NasCOs  .    .    (loaq) 

71 

126 

214  409 

- 

- 

- 

— 

— 

— 

— 

"        .     .      (7aq) 

204 

263 

335 

435 

(laq) 

475 

464 

458 

%• 

% 

452 

NaCl 

356 

890 

358      3601    363'    367 

371 

375 

39' 

NaClOs  .     .    . 

820 

990,     -     i  12351.    - 

1470 

- 

1750.     - 

2040 

NaaCr04     .    . 

317 

502 

Qoo      -    ,    g6o 

1050 
2480 

1 1 50 

^ 

1240  ,     -  . 

1260 

NaaCraOT    .    .    . 

1630 

1700 

lijoo    1970 

2200 

2830 

3230 

3860 

— 

4330 

NaHCOg     .    . 

69 

82 

96  j    III 

127 

145 

164 

— 

— 

— 

AO 

NaaHPO*   .     . 

25 

39 

93;    241 

639 

— 

949 

—  • 

— 

988 

Nal    .     .    .     . 

1590 

1690 

1790    1900 

2050 

2280 

2570 

— 

2950 
1480 

— 

3020 

NaNOj 

730 

80s 

880     962 

1049 

1 140 

1246 

1360 

1610 

'755 

Compiled  from  Landolt>Bomsteiii-Mtyerbo£Fer's  Physikaliich-chemische  Tabellen. 
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Tables  165  (amciuded) 'iST. 

SOLUBILITY  OF  SALTS   AND  GASES  IN  WATER. 

1LA.BLE  165  iccmc/uJeii) - S^luVOitf  ol  fiMrfaate  Salli  la  Water;  Taitetm with tb« 

The  numbers  give  the  number  of  grams  of  the  anhydrous  salt  soluble  in  looo  grams  of  water  a 

the  given  temperatures. 


Temperature  Centigntde. 

Salt. 

II 

qO 

'    .00 
515 

aoo 

30O        40°        so'' 

1   60O 

rP 

80O 

^ 

1     lOOP 

NaOH 

420 

1090 

1 190     1290     1450 

1740 

3130 

-■1 

Na4P207 . 

•        •        •         • 

32 

39 

62 

99      135      >74 

220 

255     300 

" 

- 

NajSOa    . 

■        •         •        • 

141 

287 

495 

- 

- 

- 

— 

iv 

Na«S04    . 

44 

• 

.    (loaq) 
•      (7aq) 

196 

90 
610 

194 
447 

400 

J48* 

/t68 

455 

445 

437      429     427 1 

NasSaOg  . 

■     •    ■    • 

525 

700 

847 

1026 

1697 

2067 

~ 

2488     2^42  ,  2660 

NiCla  .    . 

^ 

600. 

640 

680 

720 

760 

810 

.        —    '    —    '    — 

NiS04.    . 

272 

- 

425 

- 

502 

548 

594     632  ,    688     776 

PbBra  .     . 

5 

6 

8 

12 

15 

20 

24 

28       33  1    -          48 
'977    1076    1 1 74    1270 

Pb(NO«)a 

365 

444 

523 

607 

694 

787 

8R0 

RbCl   .    . 

770 

»44 

911 

076 

^^2^^ 

>093 

155S 

631 

"55 

1214    1272    1331    1389 

RbNOa    . 

195 

330 

W^ 

8'3 

1 167 

2000 

2510    309013750    4520 
714      750      787      818 
896     924  I    962  j  1019 

Rb,S04   . 

364 

^^ 

^ 

674 

SrCla  .    . 

442 

4«3 

539 

067 

744 

831 

bnis 

— 

— 

10 

12 

14 

17 

21 

25 
956 

30  ;      34        40  1 

Sr(N08)a 

395 

549 

708 

876 

9»3 

926 

940 

972      990 

loi  I ; 

Th(S04)2 

■(9aq) 

7 

10 

14 

20 

30 

51 

— 

- 

4 

(4aq) 

— 

- 

- 

- 

40 

25 

16 

II 

—     1     — 

— 

TlCl    .    . 

•    •    • 

2 

2 

9^ 

5 

6 

8 

10 

13 

16        20       -     J 

TlNOs     . 

»    1 

1    • 

39 

62 

143 

209 

304 

462 

695  '  1 1 10  :  2000 

4140 

TI2SO4     . 

•    1 

>    • 

27 

37 

49 

62 

76 

92 

109 

127      146     165 

- 

Yba(S04)« 

»    \ 

1    • 

442 

- 

104 

72 

69'       58 

47 

Zn(NOs)2 

1    1 

1    « 

948 

- 

- 

- 

2069 

.  — 

— 

-1     _ 

ZnS04 

" 

^ 

^ 

700 

768 

** 

890 

860 

920 

785 

TABLE  ie6.-Malintttf  1 

I  Fffw  Orgaalo  Btlta  la  Water ;  Taitetloft  with  tk»  TtnyeiatDBL 

Salt. 

lo-^ 

20° 

30° 

40° 

So° 

66° 

rP 

r 

80P 

90°         lOO® 

1 

Ha(COa)j     .... 

53 

102 

«59 

228 

,321 

445 

2150 

635 

978 

1200 

^ 

H2(CH2.CO«)a      .    . 

28 

451      69 

106 

162 

244 

5" 

708 

- 

1200 

Tartaric  tcid     .    .    . 

1150 

1260 

1390 

1560 

1760 

1950 

2440   2730 

3070     3430   1 

Racemic    "       ... 

92 

140 

206 

291 

^33 

595 

783 

9991  1250 

1530     1850   1 

K(HCC>2)     .... 

2900 

- 

3350 

- 

3810 

— 

4550 

-     15750 

- 

7900 

KH(C4H404)   .    .    . 

3 

4 

6 

9 

'3 

_          — 1 

18 

24 

32       45 

57 

69 

TABLE  leTz-WMhOISi  of  Hams  Ib  Watar;  Vaitettn  with  tha  TamiaratinL 

The  table  gives  the  weight  in  grafl»  of  the  gas  which  will  be  absorbed  in  1000  grams  of  water 
when  the  partial  pressure  of  the  gas  plus  the  vapor  pressure  of  the  liquid  at  the  given  tempera- 
ture equals  760  mm. 


Gas. 

oO 

loO 

20O 

300 

400 

50« 

600 

70O 

top 

• 

O3 

.0705 

•055' 

.0443 
.00100 

.0368 

.0311 

.0263 

.0221 

.0181 

-0135 

Ha 

.00192 

.00174 

.00147 

.00138 

.00129 

.00118 

.00102 

.00079 

Na 

.0293 

.0230 

.0189 

.0161 

.0139 

.0121 

.0105 

.0089 

.0069 

Bra 

431- 

248. 

148. 

94. 

62. 

40. 

28. 

18. 

II. 

CI2 

9-97 

7.29 

5-72 

4.59 

3-93 
0.76 

3.30 

2.79 

2.23 

CO2 

3-35 

2.32 

1.69 

1.26 

0.97 

0.58 

— 

— 

HaS 

7.10 

j-y> 

3.98 

— 

— 

- 

— 

— 

— 

NH, 

987. 

689. 

535. 

422. 

- 

— 

- 

— 

— 

SO2 

228. 

162. 

"3- 

78. 

54. 

' 

1       ■       1 

Compiled  from  Landolt-B^jtanstein-MejrerfaQffer^s  Physikaliadi-cfaemiiche  Tabellen. 
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Table  168.  I71 

CHANGE  OF  SOLUBILITY  PRODUCED  BY  UNIFORM  PRESSURE.* 


Pressure 

in 
atmos- 
pheres. 

CdS048/3H,0  at  as^ 

ZnS04.7H,0  at  25° 

Mannite  at  24.05^ 

NaCl  at  24.05® 

J5  *• 

6 

1 
1 

■ 

Ida 
6 

■ 

1 

f 
1 

it. 

11* 

0  * 

0  g  M 

• 

1 

ay  . 

1 

I 

I 

500 

1000 

iS<x> 

76.80 
78.01 
78.84 

+  1.57 
+  2.68 

57.95 
57.87 
57.65 

—  0.14 

—  0.52 

20.66 
2X.I4 
21.40 
21.64 

+  2.32 

+  357 
+  4.72 

35-90 

36.55 
37.02 

37.36 

■ 

+  I.8I 

+  3-" 
+  4.07 

*  E.  Cohen  and  L.  R.  Sinnige,  Z.  physik,  Ck^m.  67,  p.  433,  1909;  69,  p.  loa,  1900.    E.  Cohen,  K.  Inonjre  and 
;.  Euwen,  t6ui.  75,  p.  257,  191 1.    These  authors  give  a  critical  r^suin^  of  earlier  work  along  this  line. 
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Table  169. 


ABSORPTION  OF  CASES  BY  LIQUIDS.* 


Temperatun 

i 

ABSORPTION  Coefficients,  Of,  for  Gases  in  Water. 

Centigrade. 
t 

Carbon 

dioxide. 

CO, 

.    Carbon 
monoxide. 
CO 

Hydrogen. 
H 

Nitrf«en. 

Nitric 

oxide. 

NO 

Nitrous 

oxide. 

N,0 

1 

Oxygen. 

1 

0 

5 

lO 

«5 

20 

25 

30 
40 
50 

lOO 

1-797 
1450 

1. 185 

I.002 

0.901 

0.772 

0.506 

0.244 

0.0354 

.0315 
.0282 

-0254 

.0232 

.0214 

.0200 

.0177 

.0161 

.0141 

0.021 10 
.02022 
.01944 
.01875 
.01809 
.01745 
.01690 
.01644 
.01608 
.01600 

0.02399 
-02134 
.01918 
.ai742 
.01509 
.01481 
.01370 
.01195 
.01074 
.01011 

0.0738 
.0646 
.0571 
.0515 
.0471 

•0432 
.0400 

•035> 

•0315 
.0263 

1.048 

a8778 

0.7377 
0.6294 

0.5443 

0.04925     1 

•04335 
•03852     , 
.03456     ' 

•03137 
.02874 

.02646 

.02316 

.02080 

.01690 

Tempwrature 
Centigrade. 

t 

Air. 

Ammonia. 
NHs 

Chlorine. 
CI 

Ethylene. 
CH4 

Methane. 
CH4 

Hydrogen 
sulphide. 

I 
Sulphur 
dioxide. 
SO, 

0 

5 

10 

IS 

20 

25 

0.02471 
.02179 

•01953 

.01795 
.01704 

1 1 74.6 

971.5 
840.2 

756.0 

683.1 

610.8 

2.156 
1.950 

0.2563 
.2153 

.1837 
.1615 

.148^ 

0.05473 

.04889 

.04367 

•03903 

•03499 
.02542 

4.371 

3233 
2.905 

2.604 

79-79 
67-48 
56.65 
47.28 

39.37 
32.79 

Temperature 
Centigrade. 

t 

Absorption  Cobfpicibnts,  oi,  for  Gasbs  in  Alcohol,  C^HsOH. 

Carbon 

dioxide. 

CO, 

Ethylene. 
C,H, 

Methane. 
CH4 

Hydrogen. 
H 

Nitrwen. 

Nitric 

oxide. 

NO 

Nitrous 

oxide. 

N,0 

• 

Hydrogen 
sulphide. 

Sulphur 

dioxide. 

SO, 

0 

5 

XO 

IS 

20 

25 

« 

4-329 

3-891 

3-5'4 

3-^99 
2.946 

2.756 

3-595 

3*086 
2.882 

2.713 
2.578 

0.5226 
.5086 

•^253 

.4828 
.4710 
•4598 

0.0692 
.0685 
.0679 
.0673 
.0667 
.0662 

O.U63 
.1241 
.1228 
.1214 
.1204 
.1196 

0.31 61 

.2ik>I 
.2748 
.2659 

•2595 

4.190 

3.838 

3-525 

3.215 

3.015 
2.819 

17.89 
14.78 
11.99 

9-54 
7.41 

5.62 

328.6 
251.7 

190^3 
144.5 

1 14-5 
99.8 

*  This  table  contains  the  volumes  of  di£Ferent  gases,  supposed  measured  at  o^  C.  and  76  centimeters*  pressure,  which 
unit  volume  of  the  liquid  named  will  absorb  at  atmospheric  pressure  and  the  temperature  stated  in  the  first  column. 
The  numben  tabulated  are  commonly  called  the  absorption  coefficients  for  the  gases  in  water,  or  in  alcohol,  at  tite 
temperature  /  and  under  one  atmosphere  of  pressure.  The  table  has  been  compiled  from  data  published  by  Bohr  & 
Bock,  Bunsen,  Carius,  Dittmar,  Hambeig,  Henrick,  Pagliano  &  Emo,  Raoolt,  SchSnfeld,  Setschenow,  and  Winkler. 
The  numbere  are  in  many  cases  averages  from  several  of  these  authorities. 

Note.  —  The  effect  of  increase  of  pressure  is  generally  to  increase  the  absorption  coefficient.  The  following  is 
approximately  the  magnitude  of  the  effect  in  the  case  of  ammonia  in  alcohol  at  a  temperature  of  23^  C. : 

«  I  P   =  45  cms.        50  cms.        55  cms.        60  cms.        65  cms. 

'««  =  69  74  79  84  88 

According  to  Setschenow  the  effect  of  varying  the  pressure  from  45  to  85  centimetera  in  the  case  of  carbonic  acid  ir 
water  is  very  small. 
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X.A3LE  170.  -Water  and  AlMhOI  In  Omtaot  wttli  Alx. 


TABLE  ITS.  — SolvtUnui  of  Satta  la 
Wator.t 


[ 

1.      c. 

Temp. 

Surface  tension 
ill   dynes   per 
centimeter. 

Temp. 
C. 

Surface  tension 
in   dynes   per 
centimeter. 

Temp. 
C. 

Surface 
tension 
in  dynes 
per  cen- 
timeter. 

Water. 

Ethyl 
alcohol. 

Water. 

Ethyl 
alcohol. 

1 

Water. 

' 

0° 

5 
10 

'5 
20 

25 
30 
35 

75.6 

74.9 
74.2 

72.8 
72.1 
71.4 
70.7 

23-5 

22.6 
22.2 
21.7 

20.8 
20.4 

40« 

45 

50 

6s 
70 

75 

70.0 

68.6 
67.8 
67.1 
66.4 
65.7 
65.0 

20.0 

»9-5 

18.6 
18.2 

17.8 
16.9 

8o« 

85 
90 

95 
100 

64.3 

63i 

62.9 
62.2 
61.5 

TABLE  17L-KiaMl]a]iaona  LUvida  la  Oontaat  wttli  Alx. 


Surface 

Liquid. 

Temp. 
CP 

tension 
in  dynes 
per  cen- 
timeter. 

Authority. 

Aceton    .    .    .     . 

16.8 

233 

Ramsay-Shields. 

Acetic  acid  .     .    . 

17.0 

30.2 

Average  of  various. 

Amyl  alcohol  .    . 

15.0 

24.8 

t( 

Benzole  .    .    .    . 

15.0 

28.8 

(( 

Butyric  acid     .     . 

15.0 

28.7 

u 

Carbon  disulphide 

20.0 

30-5 

Quincke. 

Chloroform      .     . 

1    20.0 

28.3 

Average  of  various. 

Ether 

20.0 

18.4 

tt 

Glycerine    .     .     . 

17.0 

63.14 

Hall. 

Hexane  .    .    .    . 

0.0 

21.2 

Schiff. 

it 

.... 

68.0 

14.2 

«i 

Mercury .... 

18.0 

520.0 

Average  of  various. 

Methyl  alcohol 

15.0 

24.7 

(( 

Olive  oil .    .     .     . 

20.0 

34-7 

M 

Petroleum  .     .    . 

20.0 

25.9 

Magie. 

Propyl  alcohol 

5.8 

2<.9 

Schiff. 

(t                      (4 

•                   • 

97.1 

18.0 

tt 

Toluol     .    .    .    . 

15.0 

29.1 

ft 

<( 

109.8 

18.9 

u 

Turpentine .    .     . 

21.0 

28.5 

Average  of  various. 

Salt  In 
solution. 

Density. 

Temp. 

Tension 
in  dynes 
per  cm. 

BaCls 

1.2820 

15-16 

81.8 

ti 

1.0497 

15-16 

77-5 

CaCla 

1-35" 

19 

95.0 

it 

1-2773 

19 

90.2 

HCl 

I.II90 
1.0887 

20 
20 

73-6 
74-5 

tt 

1.0242 

20 

82.8 

KCl 

I.1699 

IS-16 

tt 

I.IOII 

IS-16 

80.1 

t( 

1.0463 

1-2538 

1. 1694 

15-16 

78.2 

MgCla 
it 

15-16 
15-16 

78.0 

M 

1.0362 

IS-16 

NaCl 

I.I932 

20 

85.8 

tt 

I. 1074 

20 

80.5 
77.6 

ft 

1.0360 

20 

NH4CI 

1.0758 

16 

843 

tt 

1.0535 

16 

81.7 

tt 

1.028 1 

16 

78.8 

SrCla 

I.3II4 

15-16 

85.6 

tt 

1. 1204 

15-16 

79-4 

tt 

1.0567 

15-16 

77.8 

KaCOs 
if 

'•3575 
1.1576 

15-16 
15-16 

90.9 
81.8 

tt 

1.0400 

15-16 

77.5 

NaaCOs 

ft 

11329 
1.0005 

14-15 
14-15 

79-3 
77.8 

«« 

1.0283 

14-15 

77-2 

KNOb 

1. 1263 

14 

78.9 

it 

1.0466 

14 

77.6 

NaNOa 

1.3022 

12 

83-5 

ft 

1.1311 

12 

80.0 

CUSO4 

11775 
1.0276 

15-16 

78.6 

ft 

15-16 

77.0 

H2SO4 

1.8278 

15 

63.0? 

ft 

\:Te'^ 

'5 

79-7 

ft 

15, 

79-7 
78.0 

K0SO4 

1.0744 

15-16 

it 

1.0360 

15-16 

77A 

MgS04 

1.2744 

15-16 

S3-2 

ft 

1.0680 

15-16 

77.8 

Mn2S04 

I.III9 

15-16 

79.1 

ft 

1.0329 

15-16 

r-^ 

ZnS04 

1.3081 

15-16 

833 

ti 

1.2830 

I5--I6 

80.7 

ft 

1. 1039 

15-16 

77.8 

*  This  determination  of  the  capillary  constants  of  liquids  has  been  the  subject  of  many  careful  experiments,  but  the 
results  of  the  different  experimenters,  and  even  of  the  same  observer  when  tne  method  of  measurement  is  changed, 
do  not  agree  well  together.  The  values  here  quoted  can  only  be  taken  as  approximations  to  the  actual  values  for  the 
liquids  in  a  state  of  purity  in  contact  with  pure  air.  In  the  case  of  water  the  values  given  by  Lord  Rayleigh  from  the 
wave  length  of  rippies  (Phil.  Mag.  1890)  and  by  Hall  from  direct  measurement  of  the  tension  of  a  flat  nlm  (Phil.  Mag. 
1803)  have  been  preferred,  and  the  temperature  correction  has  been  taken  as  0.141  dyne  per  degree  centigrade.  The 
values  for  alcohol  were  derived  from  the  experiments  of  Hall  above  referred  to  and  the  experiments  on  the  effect  of 
temperature  made  by  Timbera  (Wied.  Ann.  vol.  30). 

The  authority  for  a  few  oithc  other  values  given  is  quoted,  but  they  are  for  the  moat  part  average  values  derived 
from  a  large  number  of  results  published  by  different  experimenters. 

t  From  Volkmann  (Wied.  Ann.  vol.  17,  p.  353). 
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Tables  173-176. 

TENSION   OF   LIQUIDS. 
TABLE  ITS.— 8ufM»  TtBliOll  ol  Livvldl.* 


1 


Litjnid* 


Water 

Mercury         .... 
Bisulphide  of  carbon    . 
Chloroform    .... 
Ethyl  alcohol 

Olive  oil        ...        . 
Turpentine     .... 
Petroleum      .... 
Hydrochloric  acid 
Hyposulphite  of  soda  solution 


Specific 
gravity. 


X.0 


1.2687 
1.4878 
0.7906 
0.9136 
0.8867 

■7977 
1. 10 

1. 1 248 


Surface  tension  in  d]rnes  per  ccn^ 
timeter  of  liquid  in  contact  with  — 


Air. 


75-0 

5'3-o 

(24.1) 

34-6 
28.8 

29.7 

(72-9) 
69.9 


Water. 


ao 

392.0 

41.7 

26.8 

18.6 

(28.9) 


uercury. 


(392) 

(415) 
364 

317 
241 

271 

(392) 
429 


TABLE  174.  — 8111I1M  Toulai  ol  Ll«iildi  at  Sdldlfylnff  Potntt 

Sttbaunoe. 

Tempera- 
ture of 
solidifi- 
cation. 
Cent.® 

Surface 

tension  in 

dynes  per 

centimeter. 

SubsUnce. 

Tempera- 
ture of 
solidifi- 
cation. 
Cent.® 

Surface 

tension  in 

dynes  per 

ccDtmieter. 

Platinum 

Gold      . 

Zinc 

Tin 

Mercury 

Lead     . 

Silver    . 

Bismuth 

Potassium 

Sodium 

2000 

1200 

360 

230 
—40 

330 
1000 

90 

1691 
1003 

877 

457 

427 

1390 

258 

Antimony 

Borax    .... 

Carbonate  of  soda 

Chloride  of  sodium 

Water   .... 

Selenium 

Sulphur 

Phosphorus  . 

Wax      .... 

432 
1000 

1000 

0 
217 
III 

U 

249 
216 

210 

116 

42.1 
42.0 
34.1 

TABLE  176.  — Toulai  Of  Soap  FUai. 


Elaborate  measurements  of  the  thickness  of  soap  films  have  been  made  by  Reinold  and 
Rucker.ll  They  find  that  a  film  of  oleate  of  soda  solution  containing  i  of  soap  to  70  of 
water,  and  having  3  per  cent  of  KNOs  added  to. increase  electrical  conductivity,  breaks  at 
a  thickness  varying  between  7.2  and  14.5  micro-millimeters,  the  average  l)eing  12.1  micro- 
millimeters.  The  film  becomes  black  and  apparently  of  nearly  uniform  thickness  round 
the  point  where  fracture  begins.  Outside  the  black  patch  there  is  the  usual  display  of 
colors,  and  the  thickness  at  these  parts  may  be  estimated  from  the  colors  of  thin  plates 
and  the  refractive  index  of  the  solution. 

When  the  percentage  of  KNOs  is  diminished,  the  thickness  of  the  black  patch  increases. 
For  example,  KNOs        =3       i       0.5   0.0 

Thickness^  12.4  13.5  14.5  22.1  micro-mm. 

A  similar  variation  was  found  in  the  other  soaps. 

It  was^also  found  that  diminishing  the  proportion  of  soap  in  the  solution,  there  being 
no  KNOs  dissolved,  increased  the  thickness  of  the  film. 

I  part  soap  to  30  of  water  gave  thickness  21.6  micro-mm. 

I  part  soap  to  40  of  water  gave  thickness  22.1  micro-mm. 

I  part  soap  to  60  of  water  gave  thickness  27.7  micro-mm. 

I  part  soap  to  80  of  water  gave  thickness  29.3  micro-mm. 


*  This  table  of  tensions  at  the  surface  separating  the  liquid  named  in  the  first  column  and  air,  water  or  mercury 
as  stated  at  the  head  of  the  last  three  columns,  is  from  Quincke^s  experiments  (Pogg.  Ann.  vol.  13Q,  and  Phil.  Mag. 
1871).  The  numbers  given  are  the  equivalent  in  dynes  per  centimeter  of  those  obtained  by  Worthington  from 
Quincke's  results  (PhiL  Mag.  vol.  20,  1885)  with  the  exception  of  those  in  brackets,  which  were  not  corrected  by 
Worthington ;  they  are  prolnbly  somewhat  too  high,  for  the  reason  stated  by  Wonhington.  The  temperature  was 
about  ao°  C. 

t  Quincke,  *'  Pogg.  Ann."  vol.  131;,  p.  661. 

i  It  will  be  observed  that  the  value  here  given  on  the  authority  of  Quincke  is  much  higher  than  his  sabeequent 
measurements,  as  quoted  above,  give. 

II  "  Proc.  Roy.  Soc."  1877,  and  "  Phil.  Trans.  Roy.  Soc"  1881,  1883,  and  1893. 

NoTB.  —  Quincke  points  out  that  substances  may  be  divided  into  groups  in  each  of  which  the  ratio  of  the  surface 
tension  to  the  density  is  nearly  constant.  Thus,  if  this  ratio  for  mercurv  be  taken  as  unit,  the  ratio  for  the  bromides 
and  iodide  is  about  a  half  :  that  of  the  nitrates,  chlorides,  sugars,  and  fats,  as  well  as  the  metals,  lead,  bismuth,  and 
antimony,  about  i ;  that  of  water,  the  carbonates,  sulphates,  and  probably  phosphates,  and  the  metals  platinum,  gold, 
silver,  cadmium,  tin,  and  copper,  2 ;  that  of  zinc,  iron,  and  pallaaiuQii  3*  and  that  of  sodium,  6. 
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VAPOF 

t  PRESSURE. 

T«7C 

TABLE  176.  —  Vapor  Prassvra  of  Blomontt.                                     '  ^ 

Hydrogen. 

Oxygen. 

Nitrogen. 

Argon.                 Xenon. 

Krypton.        1 

H  scale. 

aim 

Hflcale. 

mm 

T 

mm 

•K 

mm 

•K 

mm 

•K 

mm 

20.41**  K 

800 

90.60**  K 

.    800 

77.33" K 

760. 

155.640200. 

287.7 

44112 

210.5 

41245 

20.22 

760 

90.10 

760 

76.83 

714s 

1390: 

23251. 

273.3 

31501 

206.4 

37006 

19 -93 

700 

89.33 

700 

76.65 

700. 

137.8: 

"334. 

255.6 

21967 

204.1 

34693 

19.41 

600 

87.91 

600 

75-44 

600. 

136.8: 

20700. 

254.0 

21512 

201.5 

31621 

18.82 

500 

86.29 

500 

74.03 

500. 

123. 1  ] 

10313. 

252.6 

19984 

201.0 

30837 

18.15 

400 

84.39 

400 

72.39 

4(X>. 

87.8 

821.2 

248.7 

18153 

197.9 

28808 

• 

17.36 

300 

82.09 

300 

70.42 

300. 

86.5 

704.5 

244.2 

15868 

170.9 

1 1970 

16.37 
14.93 

200 

79.07 

200 

67.80 
63.65 

200. 
100. 

85.5 
83.8 

82.6 

633.4 

524.3 
465.0 

239.7 
237.4 
231-4 

13971 
13505 
III34 

112. 7 

88.6 
84.2 

387 
17.4 
9- 

Travers,  Sen- 

81.7 

410. 1 

183.2 

2020 

—^ 

Travels,  Jaque- 
rod,  1902-5. 

ter,    Jaque- 

Fischer,  Alt, 

77.3 

215.0 

— 

rod,  1902-3. 

1902.  . 

1 

Ramsay,  Travers.  Zs.  phys.  Ch.  38, 190X.        1 

Chlorine. 

Bromine. 

Iodine. 

Coi^wr. 

Sttver.            1 

•c 

Pressure. 

•c 

mm 

•c 

mm 

•c 

Atme. 

•c 

Atme. 

+146. 

93 .  50  atm. 

+58.75 

760 

+55 

3084 

2310 
2180 

I.O 

0.338 

1955 
1780 

1.0 
0.346 

+100. 

J    ^.0^ 

41 .  70  atm. 
14.70  atm. 

56.3 

700 
600 

50 

2.154 
1.498 

1980 

0.1315 

1666 

0.1355 

+50. 

51.95 

45 

1 

+20. 
0. 

6.62  atm. 
3 .  66  atm. 

.46.8 
40.45 

500 
4CX} 

40 
35 

1.025 
0.699 

Lead 

Bi^uth.            1 

'C 

Atroe. 

•c 

Atme. 

—  20. 

1 .  84  atm. 
760.    mm 

33.05 
23.45 

300 
200 

30 

0.469 
0.305 

-35-6 

25 

2100 

II. 7 

2060 

16.5 

-40. 

560.    mm 

16.95 

150 

15 

O.131 

1870 

6.3 

1950 

II. 7 

-50. 
-60. 

350.    mm 
210.    mm 

8.20 
-5.05 

ICX) 

50 

0 

0.030 

1525 
1420 

1.0 
0.350 

1740 
1420 

6.3 
1.0 

-70. 

118.    mm 

-7.0 

45 

Baxter,    Hick- 

1320 

0.138 

1310 

0.338 

-80. 

-85. 
'     -88. 

62.5  mm 

45-    nun 
37.5  mm 

-8.4 
—  12.0 
-16.65 

40 
30 
20 

ey,  Hofmes, 
J.  Am.    Ch. 
§oc.  1907. 

—            — 

1200 

0.134 

Zvac. 

Tin.               1 

Knietsch,  W.  Ami.  1890. 

Ramsay,  Young 

•c 

Atme. 

•c 

Atme. 

Cu  to  Sn,  Greenwood,  Pr. 

J.    Ch.    Soc. 

1510 

530 

2270 

1.0 

Roy.   Soc.    83A,  19 10; 

1886. 

• 

1280 

21.5 

2I(X> 

0.345 

'    Zs.  ph.  Ch.  76,  191 1. 

1230 

II. 7 

1970 

0.133 

II20 

6.3          ~     '       ■"         1 

TABLE  177.  —  Vapor  Pressure  and  Rate  of  Evaporization. 


•K 

Mo 
mm 

W 

mm 

Evaporation  rate. 

g/cmVscc. 

Platinum. 

Mo 

W 

•K 

mm 

g/cm'/sec. 

1800 

20CX> 
2200 
2400 
2600 
2800 
3000 
3200 
3500 

0. 09643 

O.O6789 

O.O4396 

O.OSIO27 

0.0160 

0.1679 

3890**      \ 

760  mm  / 

0.O11645 

0. 0*849 

O.O7492 

0.0*151 

0^04286 

O.OS362 

O.OJ333 

0.0572 

O.O10863 

O.O7IOO 

o.o«48o 

0.O4120 

0.OJ179 

0.OS181 

0.O12I14 

0.O10144 

0.09798 

0.07236 

0.05429 

0.O6523 

0.O4467 

0.O8769 

ICXX) 
I2(X) 

1400 
1600 
1800 
2000 
418 

0.O17324 
0.O12III 

O.O9188 
O.O7484 
o.Oi35o 
0. 03107 
760  mm 

O.O19832 

O.O14260 

O.O11401 

0 .  O9966 

O.O7667 

O.O6I95 

Langmuir,   MacKay,  Phys. 
Rev.  2,  1913;   4,  1914. 
Order  of  vacuum,  0. 001  mm. 

P  =  K.T~h  ^/RT  dynes/cm*.    Egerton,  Phil.  Mag.  S3^  P- 33,  1917. 
Zn,  X«  -  3 .  28  X  10*;  K 
Hg,Xo-  1.60  X 
Smithsonian  Tables. 
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4. 


1.17x10**      Cd,  Xo  = 
3.72  X  10*'  (Knudsen) 


2.77  X  10*;  A-  5.27  X  10 


u 
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Table  178. 


VAPOR    PRESSURES. 


The  vapor  pressures  here  tabulated  have  been  taken,  with  one  exception,  from  Regnanlt^s  resaitt 
The  vapor  pressure  of  Pictefs  fluid  is  g^ven  on  his  own  authority.  The  pressures  are  in  centimeters  •  i 
mercury. 


Tem- 
pera- 
ture 
Cent. 

■ 

Acetone. 
CjHeO 

Benzol. 

Carbon 
bisul- 
phide. 
CS, 

Carbon 
tetra- 
chloride. 
CCI4 

Chloro- 
form. 
CHClg 

Ethyl 
alcohol. 
C,HeO 

Ethyl 

ether. 

C^HjoO 

Ethyl 
bromide. 
CjHftBr 

Methyl 

alcohol. 

CH4O 

Turperi- 
tine. 

—25° 

_ 

_ 

. 

^ 

^ 

^ 

«. 

4.41 

.41 

_ 

— 20 

- 

'^ 

4-73 

.98 

- 

•33 

6.89 

5-92 

.63 

—     1 

—15 

— 

.88 

6.16 

''i^ 

— 

1' 

8.93 

7.81 

•93 

— 

—10 

— 

1.29 

7-94 

1.85 

— 

.65 

11.47 

10.15 

1-35 

— 

5 

^ 

1.83 

10.13 

2.48 

— 

.91 

14.61 

13.06 

1.92 

_     1 

0 

— 

2-53 

12.79 

329 

5-97 

1.27 

18.44 

16.56 

2.68 

.21   ' 

5 

— 

342 

16.00 

4-32 
5.60 

— 

1.76 

28.68 

20.72 

3-69 

— 

10 

— 

4-52 
5.89 

19.85 

10.05 

2.42 

25.74 

5.01 
6.71 

•29 

'5 

— 

24.41 

7-17 

— 

330 

3536 

3^-69 

— 

20 

17.96 

7.56 

29.80 

9.10 

16.05 

4.45 

4328 

38-70 

8.87 

.44 

25 

22.63 

9-59 

36.11 

"43 

20.02 

5-94 

P-59 
63-48 
76.12 

46.91 

11.60 

— 

30 

28.10 

12.02 

4346 

14.23 

24.75 

7.85 

56.45 
67.49 

15.00 

•691 

35 

34.52 

14.93 

51-97 

17-55 
21.42; 

30.35 

10.29 

19.20 

— 

40 

42.01 

18.36 

61.75 

36.93 

13-37 

90.70 

80.19 

24.35 

I^ 

45 

5075 

22.41 

72.95 

26.08 

44.60 

17.22 

107.42 

94.73 

30.61 

*"       1 

50 

62.29 

27.14 

85.71 

3' -44 

53-50 

21.99 

126.48 

111.28 

38.17 

1.70 

U 

Z?-59 

32.64 

100.16 

37-63 

63-77 

27.86 

148.11 

130.03 

47.22 

— 

86.05 

39.01 

116.45 

4474 

8^-97 

35-02 

172.  so 
199-89 

151.19 

57-99 

2.65 

65 

101.43 

46.34 

13475 

52.87 
62.11 

43-69 

174.95 

70.73 

— 

70 

118.94 

5474 

155.21 

104.21 

54." 

230.49 

201.51 

85.71 

4.06  , 

75 

13876 

64.32 

177-99 

72.57 

121.42 

66.55 

264.54 

231.07 

103.21 

— 

80 

161.10 

7519 

203.25 

84-33 

140.76 

^l-?9 

302.28 

263.86 

123.85 

6^13 

85 

186.18 

87.46 

231.17 

97-5" 

162.41 

98.64 

343-95 
389.83 

300.06 

147.09 

— 

90 

214.17 

10T.27 

201.91 

112.23 

186.52 

1 18.93 

339-89 
383-55 

174.17 

9.06 

95 

245.28 

116.75 

296.63 

128.69 

213.28 

142.51 

440.18 

205.17 

— 

100 

27973 

134.01 

332-51 

146.71 

242.85 

169.75 

495-33 

431-23 

240.51 

13.11 

105 

3'770 

153.18 

372.72 

166.72 

275-40 

201.04 

555.62 

483.12 

280.63 

— 

no 

359-40 

174-44 

416.41 

188.74 

311.10 

236.76 

621.46 

539.40 
600.24 

325.96 
376.98 

18.60  ' 

"5 

405.00 

197.82 

463-74 

212.91 

350-10 

277-34 

69333 

- 

120 

454.69 

223.54 

514.88 

239-37 

392-57 

323-17 

771.92 

665.80 

434.18 

25-70 

125 

508.62 

251.71 

629.16 

268.24 

438.66 

374-69 

— 

736.22 

498.05 

1 

^o 

029.87 

282.43 

299-69 

488.51 

432-30 

- 

811.65 

569-13 
647.93 

34.90 

135 

315-85 

692.59 

333.86 

542.25 
6oao2 

496.42 

— 

892.19 

- 

140 

697.44 

352.07 

760.40 

370.90 

Sl^ 

- 

977-96 

P3-Z1 

46w40 

145 

- 

391.21 

832.69 

411.00 

661.92 

— 

— 

830.89 

1 

150 

_ 

433-37 

90959 

454.31 

728.06 

73»-84 

— 

— 

936.13 

60.50 

;^ 

- 

478.65 

501.02 

79853 

825.92 

- 

- 

68.60 

— 

527.14 

551-31 

873-42 

— 

— 

— 

- 

77-50 

165 

568.30 

— 

605.38 

952.78 

— 

- 

— 

— 

- 

170 

634.07 

663.44 
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VAPOR   PRESSURES. 


Tem- 
pera- 
ture, 
Centi- 
grade. 

Ammonia. 
NH, 

Carbon 

dioxide. 

CO, 

Eth^l 
chlnnde. 
CtHjCl 

Ethvl 
iodide. 
C,H,I 

Methyl 

chloride. 

CHgCl 

Methylic 

ether. 

C,HeO 

Nitrous 

oxide. 

N,0 

Pictet's 

fluid. 

64SO,-f 

44CO;by 

weiglit 

Sulphur 

dioxide. 

SO, 

Hvdrojjen 
sulphide. 

—30° 

86.61 

- 

11.02 

— 

57-90 

57.65 

— 

58.52 

28.75 

— 

—25 

— 20 

— »5 
— 10 

—5 

1 10.43 
139.21 

173-65 
214.46 

264.42 

1300.70 
1514.24 
1758.25 
2034.02 

2344-13 

14.50 

18.75 
23.96 

30.21 
37-67 

- 

71.78 

88.32 

107.92 

130.06 

157.87 

71.61 

88.20 
107.77 
130.66 

157.25 

1569.49 
1758.66 
1968.43 
2200.80 
2457.92 

67.64 

74.48 

89.68 

101.84 

121.60 

37.38 

47-95 

60.79 
76.25 
94.69 

374.93 
443-85 

608.46 
706.60 

0 

5 
10 

15 
20 

318.33 
383-03 
457-40 

543-34 
638.78 

2690.66 

3075-38 
3499.86 
3964.69 
4471.66 

46.52 

56-93 
09.11 
83.26 
99.62 

4.19 
5.41 
6.92 
8.76 
11.00 

189.10 
225.11 
266.38 

313.41 
366.69 

187.90 
222.90 
262.90 

30798 
358.60 

2742.10 
3055-86 
3401.91 

3783.17 
4202.79 

159.08 
107.20 
193.80 
226.48 
258.40 

1 16.51 
142.II 
171.95 
206.49 
246.20 

820.6^ 

949.08 

1089.63 

1244.79 

I415-I5 

25 

30 

35 
40 

45 

747.70 

870.10 

1007.02 

"59-53 
1328.73 

5020.73 
561 1.90 
6244.73 
6918.44 
7631.46 

118.42 

139-90 
164.32 
191.96 
223.07 

13.69 
16.91 
20.71 
25.17 

30.38 

426.74 
494.05 
569.11 

415.10 
477.80 

4664.14 
5 1 70.8  C 

0335.98 

297.92 

338.20 

383.80 

434.72 
478.80 

291.60 

343-18 
401.48 
467.02 

540.35 

1601.24 
'803.53 
2002.43 
2258.25 

2495.43 

50 

65 
70 

'515-83 
1721.98 
1948.21 
2196.51 
2467.55 

.^     . 

266!84 
340.05 

387.85 
440.50 

36.40 

43-32 
51.22 

— 

- 

521.36 

622.00 

812.38 
922.14 

2781.48 
3069.07 
337402 
3696.15 
4035.32 

75 

80 

85 
95 

2763.00 

3084.3' 

3433-09 
3810.92 

4219-57 

498.27 
561.41 
630.16 

704.75 
785.39 

- 

— 

— 

- 

— 

- 

100 

4660.82 

- 

872.28 

- 

- 

- 

- 

- 

- 

- 
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Table  178. 


VAPOR    PRESSURES. 


The  vapor  pressures  here  tabulated  have  beeti  taken,  with  one  exception,  from  Reg^nanlt's  results 
rhe  vapor  pressure  of  Pictefs  fluid  is  g^iven  on  his  own  authority.  The  pressures  are  in  centimeter  *<* 
mercury. 


Tem- 
pera- 
ture 
Cent. 

• 

Acetone. 
C.HeO 

Benzol. 
CeH. 

Carbon 
bisul- 
phide. 
CS, 

Carbon 
tetra- 
chloride. 
CCI4 

Chloro- 

(orm. 

CHClg 

Ethyl 
alcohol. 
CjHeO 

Ethyl 

ether. 

C,H,oO 

Ethyl 
bromide. 
CjHftBr 

Methyl 

alcohol. 

CH4O 

Turperi- 

tine, 

Ci«Hc 

25° 

^ 

^ 

^ 

^_ 

^^ 

^ 

4.41 

.41 

^^ 

— 20 

- 

& 

4-73 

"98 

- 

-33 

6.89 

5.92 

.63 

— 

—15 

- 

6.16 

'•35 

— 

1' 

8.93 

7.81 

•93 

— 

—10 

— 

1.29 

7.94 

1.85 

— 

.65 

11.47 

10.15 

J. 35 

— 

5 

1.83 

10.13 

2.48 

— 

•91 

14.61 

13.06 

1.92 

— 

0 

- 

2.53 

12.79 

3.29 

5-97 

1.27 

18.44 

16.56 

2.68 

.21 

5 

— 

3-42 

16.00 

4.32 

— 

1.76 

28.68 

20.72 

3-69 

— 

10 

— 

4.52 
5.89 

19.85 

5.60 

10.05 

2.42 

2574 

6.71 

•29 

IS 

— 

24.41 

7.17 

— 

3-30 

35-36 

31-69 

— 

20 

17.96 

7.56 

29.80 

9.10 

16.05 

4.45 

43.28 

38.70 

8.87 

.44 

25 

22.63 

9-59 

36.11 

11.43 

20.02 

5-94 

63.48 

46.91 

11.60 

— 

30 

28.10 

12.02 

4346 

14.23 

24-75 

7-85 

56.45 
67.49 

15.00 

•69 

35 

34.52 

14-93 

51-97 

17.55 
2I.42> 

30.35 

10.29 

76.12 

19.20 

— 

40 

'42.01 

18.36 

61.75 

36.93 

'3-37 

90.70 

80.19 

24.35 

I.0S 

45 

5075 

22.41 

72.95 

26.08 

44.60 

17.22 

107.42 

94-73 

30.61 

— 

50 

62.29 

27.14 

85.71 

31-44 

53-50 
03-77 

^'•?? 

126.48 

1 11.28 

38.17 

1.70 

^ 

Z?'59 

32.64 

100.16 

37-63 

27.86 

148.11 

130.03 

47.22 

— 

86.05 

39.01 

T  16.45 

44.74 

8^^97 

35-02 

'72-50 
199-89 

151.19 

57.99 

2.65 

65 

101.43 

46.34 

13475 

52.87 

43-69 

174.95 

70.73 

— 

70 

118.94 

5474 

155.21 

62.11 

104.21 

54.11 

230.49 

201.51 

85.71 

4-06 

75 

13876 

6432 

177.99 

72.57 

121.42 

66.55 

264.54 

231.07 

103.21 

— 

80 

161. 10 

75-19 

203.25 

84.33 

140.76 

81.29 

302.28 

263.86 

123.85 

6-13 

85 

186.18 

87.46 

231.17 

97.51 

162.41 

98.64 

343-95 

300.06 

147.09 

— 

90 

214.17 

101.27 

261.91 

112.23 

186.52 

118.93 

389.83 

33989 
383-55 

174.17 

9.06 

95 

245.28 

116.75 

296.63 

128.69 

213.28 

142.51 

440.18 

205.17 

*"         1 

100 

279-73 

134.01 

332.51 

146.71 

242.85 

169.75 

495-33 

431-23 

240.51 
280.63 

325.98 
376.98 

13.11 

105 

3'770 

153.18 

372.72 

166.72 

275.40 

201.04 

555.62 
621.46 

483.12 

— 

no 

359-40 

174.44 

416.41 

188.74 

311. 10 

236.76 

539-40 
600.24 

18.60 

"5 

405.00 

197.82 

463.74 

212.91 

350.10 

27734 

693-33 

— 

120 

454.69 

223.54 

514.88 

23937 

392.57 

323-17 

771.92 

665.80 

434.18 

25.70 

125 

508.62 

2151.71 

569-97 
629.16 

268.24 

438.66 
488.51 

374-69 

— 

736.22 

498.05 

1 

130 

629.87 
697.44 

282.43 

299.69 

432.30 

— 

811.65 

569-13 
647-93 

34-90 

135 
140 

315-85 
352.07 

692.59 
760.40 

333-86 
370.90 

542.25 
6oao2 

496.42 
567.46 

^— 

892.19 
977.96 

_         1 
46.40 

M5 

— 

391.21 

832.69 

411.00 

661.92 

645.80 

— 

830.89 

1 

150 

— 

433-37 
478.65 

909.59 

454.31 

728.06 

731.84 

— 

— 

936.13 

1 

60.50 
68.60 

'55 

— 

501.02 

798.53 

825.92 

— 

— 

— 

160 

- 

527-14 

— 

551-31 

873.42 

- 

— 

— 

- 

77-50 

165 

- 

568.30 
634.07 

- 

605.38 

952.78 

— 

— 

— 

— 

— 

170 

663.44 
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VAPOR   PRESSURES. 


Tem- 
pera- 
ture, 
Centi- 
grade. 

Ammonia. 
NH, 

Carbon 

dioxide. 

CO, 

Ethyl 
chlonde. 
CtHjCl 

Ethvl 
iodide. 

Methyl 

chloride. 

CHjCl 

Meihylic 

ether. 

C,HeO 

Nitrous 

oxide. 

N,0 

Piciet's 

fluid. 

6480,+ 

44CO;by 

weight 

Sulphur 

dioxide. 

SO, 

Hydrogen 

sulphide. 

HfS 

—30° 

86.61 

- 

11.02 

- 

5790 

5765 

— 

58.52 

28.75 

— 

—25 

— 20 

1  — 10 

1 

—5 

1 10.43 
139.21 

173-65 
214.46 
264.42 

1300.70 
1514.24 
1758.25 
2034.02 

2344.13 

14.50 

18.75 
23.96 
30.21 

37-67 

- 

71.78 

88.32 

107.92 

130.96 

157.87 

71.61 

88.20 

107.77 

130.66 

157.25 

1569.49 
1758.66 

1968.43 
2200.80 

2457.92 

67.64 

74.48 

89.68 

101.84 

121.60 

37.38 

47.95 
60.79 

76.25 

94.69 

374-93 
443-85 

608.46 
706.60 

0 

5 
10 

IS 

20 

318-33 
3^3-03 
45740 

543-34 
638-78 

2690.66 
3075-38 

3964.69 
4471.66 

46.52 

56.93 
69.11 
83.26 
99.62 

4,19 

541 
6.92 

8.76 

11.00 

189.10 
225.11 
266.38 

36^.6^ 

187.90 
222.90 
262.90 

307-98 
358.60 

2742.10 
3055.86 
3401.91 

3783.17 
4202.79 

139.08 
107.20 
193.80 
226.48 
258.40 

1 16.51 
142.11 
171.95 
206.49 
246.20 

820.63 

949.08 

1089.63 

1244.79 

1415-15 

25 

30 

35 
40 

45 

747.70 

870.10 

1007.02 

"59-53 
1328.73 

5020.73 
5611.90 
6244.73 
6918.44 
7631.46 

118.42 

139-90 
164.32 
191.96 

223.07 

13.69 

16.91 

20.71 

25.17 
30.38 

426.74 

494.05 
569.11 

415.10 
477.80 

4664.14 
5170.85 
6335.98 

297.92 

383.80 

434.72 
478.80 

291.60 

34318 
401.48 
467.02 

540.35 

1601.24 
1803.53 
2002.43 
2258.25 

2495.43 

50 

65 
70 

1515-83 
1721.98 
1948.21 
2196.51 

2467.55 

^*     • 

266.84 
340.05 

387.85 
440.50 

36.40 
43-32 

51.22 

— 

- 

521.36 

622.00 
712.50 
812.38 
922.14 

2781.48 
3069.07 
337402 
3696.15 
4035.32 

75 

80 

85 
90 

95 

2763.00 

3084.31 

343309 
3810.92 

4219.57 

- 

498.27 
561.41 
030.16 

704.75 
785.39 

— 

- 

- 

— 

— 

— 

— 

100 

4660.82 

- 

872.28 

- 

- 

— 

- 

— 

— 

- 
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Tables  179-180. 


VAPOR   PRESSURE, 


TABIA  179.  — Yapor  PzMsaxi  of  Btkyl  AlookAL* 


u 
d 

1 

10 
20 

30 

40 

70 

0° 

l-^ 

a° 

• 

30 

4° 

5° 

8° 

7° 

8° 

9° 

Vapor  pressure  in  millimeters  of  mercury  at  o''  C. 

12.24 

23.78 
44.00 
78.06 

133-70 
220.00 

350.30 
541.20 

13.18 

46.66 
82.50 

140.75 
270.80 

366.40 

564-35 

14-15 
27.94 

49-47 
87.17 

148.10 
242.50 

588.35 

15.16 

28.67 

52.44 
92.07 

155.80 
25380 
400.40 
613.20 

16.21 
30.50 

55.56 
97.21 

163.80 
265.90 

418-35 
638.95 

17.31 
32.44 
58.86 

102.60 

172.20 
278.60 
437-00 
665.55 

18.46 

34-49 
02.33 

108.24 

181.00 
291.85 

456.35 
693.10 

19.68 
36-67 

65.97 
114.15 

190.10 
305.65 
476.45 
721.55 

• 

20.98 

120.35 

199.65 

3 » 9-95 

497-25 
751.00 

22.34 

41.40 

73.83 

12^86 

209.60 

334-85 
518^5 

78M5  . 

From  the  formula  log/  ^  a  +  /a*  -f  ^/3*  Ramsay  and  Young  obtain  the  following  numbcrs.t 

1 

• 
u 

d 

OP 

100 
200 

00 

10° 

20° 

30° 

40° 

60° 

60° 

70° 

80° 

90°     1 

Vapor  pressure  in  millimeters  of  mercury  at  c*^  C. 

12.24 
1692.3 
22182. 

23.73 

2359.8 

26825. 

43-97 
3223.0 
32196. 

78.11 
43»8.7 
38389- 

133.42 
5686.6 

45519- 

219.82 
7368.7 

350.21 
9409.9 

540.91 
1 1858. 

811.81 
14764. 

1186.5 
18185. 

TABLE  180.— Yavor  Pmnn  of  MttliTl  AlooHoLt 


u 

■   d 

E 

0° 

1° 

a° 

30 

4° 

5° 

8° 

70 

8° 

9° 

Vapor  pressur 

e  in  millimeters  of  mercury  at  o^ 

>c. 

OP 

10 

20 

30 

40 

29.97 

53.8 
94.0 

158.9 

259.4 
409.4 
624.3 

31.6 

57.0 
99.2 

1 67. 1 
271.9 

427.7 
650.0 

33.6 

60.3 

104.7 

175-7 
285.0 

446.6 

676.5 

Pi 
.63.8 

1104 
184.7 

466.^ 
703.8 

■ 

37.8 

67.5 
116.5 

194.1 
312.6 
486.6 
732-0 

40.2 

71.4 

122.7 

203.9 

327-3 
507-7 
761. 1 

42.6 

75-5 
129.3 

214.1 
342-5 

529-5 
791.1 

45.2 

79-8 
136.2 

224.7 

358-3 
552.0 

822.0 

47.9 

84.3 

143-4 

235-8 
374-7 
575-3 

50.8 

89.0 

151.0 

247.4 

39^-7 
599.4 

*  This  table  has  been  compiled  from  results  published  by  Ramsay  and  Young  (Jour.  Chem.  Soc.  vol.  47,  and  Phil. 
Trans.  Roy.  Soc.,  1886). 

t  In  this  formula  a  :=  5.0730301;   log^=  2. 640613 1 ;  log  f  ■=  0.6050854 ;  log  a  =0.003377538;  log /3  =r  7.99682424 
(c  is  negative).  ^ 

X  Taken  from  a  paper  by  Dittmar  and  Fawsitt  (Trans.  Roy.  Soc  Edin.  vol  33).  # 
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VAPOR  PRESSURE.* 

Oatten  DimlphUto,  OhlontanioiB,  Bnnnobaaitiie,  and  AbIUm. 
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Temp. 

0° 

1° 

a° 

30 

4° 

6° 

8° 

70 

8° 

90 

(a)  Carbon  Disulphide. 

0° 

10 
20 

30 
40 

127.90 
198.45 
298.05 
434-60 
617.50 

133-85 
207.00 

309.90 

450-65 
638.70 

140.05 
215.80 
322.10 
467.15 

66a  50 

146.45 
224.95 

334.70 
484.15 
682.90 

153.10 
234.40 
347-70 
501.65 
705.90 

160.00 

244-15 
361.10 

519-65 
729.50 

167.15 
254.25 

374-95 
538.15 

753-75 

174.60 
264.65 
389.20 

778.60 

182.25 

27540 
403.90 

576.75 
804.10 

190.20 
286.55 
419.00 

596.85 
830.25 

(b)  Chlorobenzene, 

200 

30 

40 

8.65 

14.95 
25.10 

9.14 

15-77 
26.38 

9.66 
16.63 
27.72 

10.21 

17.53 
29.12 

10.79 
1847 

30.58 

11.40 
19.45 
32.10 

12.04 
20.48 

3369 

12.71 
21.56 

35-35 

13.42 
22.69 
37-08 

14.17 
23.87 
38.88 

50 

60 

90 

40.75 

64.20 

97.QO 

144.80 

208.35 

42.69 

67.06 

101.95 

150-30 

215.80 

•  44.72 

70.03 

106.10 

1 56.05 

223.45 

46.84 

73-" 
1 1 041 

161.95 
23130 

49-05 
76.30 

"4.85 

168.00 

23935 

51-35 
79.60 

119.45 
174.25 

247.70 

53-74 
83.02 

124.20 

181.70 

256.20 

56.22 

86.56 

129.10 

187.30 

265.00 

58.79 
90.22 

134.15 
194.10 

274.00 

61.45 

94.00 

139.40 

201.15 

•283.25 

100 

no 
120 
130 

292.75 

402.55 
542.80 
718.95 

302.50 
41V10 
55|-70 
738-65 

312.50 

427.95 

575-05 
758.80 

322.80 

441.15 
59'-7q 

333-35 
454-65 
608.75 

344.15 
468.50 

626.15 

355-25 
482.65 

643-95 

366.65 
497.20 
662.1^ 

378.30 
68o!75 

390.25 

(0)  Bromobenzene. 

40^ 

— 

— 

— 

— 

12.40 

13.06 

13-75 

14.47 

15.22 

50 

60 
70 
80 
90 

16.00 
26.10 
41.40 

63.90 
96.00 

16.82 

27.36 
43.28 

66.64 

99.84 

17.68 
28.68 

45-24 
69.48 

103.80 

18.58 
30.06 
47.28 

7242 
107.88 

19.52 

3150 
49.40 

75-46 
112.08 

20.50 
3300 
51.60 
78.60 
1 16.40 

21.52 

53-88 
81.84 

120.86 

22.50 
36.18- 
56.25 
85.20 
125.46 

23-71 
37.86 
58.71 
88.68 
130.20 

24.88 
39.60 
01.26 
92.28 
135.08 

100 

no 
120 

130 
140 

140.10 
198.70 
274.90 
37265 
495.80 

145.26 
205.48 
283.65 

383-75 
509-70 

150.57 
212.44 

292.60 

395-10 

523-90 

156.03 
21958 

301-75 
406.70 

53840 

161.64 
226.90 

418.60 
553-20 

167.40 
234.40 
320.80 

430.75 
568.35 

173-32 
242.10 

330.70 
443-20 

583-85 

179.41 
250.00 
340.80 
455-90 
599-65 

185.67 
258.10 

351' 5 
468.90 

615.75 

192.10 
266.40 
361.80 
482.20 
632.25 

150 

649.05 

666.25 

683.80 

701.65 

71995 

738.55 

757-55 

776.95 

796.70 

816.90 

(d)  Aniline. 

8O0 

90 

18.80 
30.10 

19.78 
31-44 

20.79 
32.83 

21.83 
34-27 

22.90 
3576 

24.00 
37-30 

25.14 
38.90 

26.32 
40.56 

2754 
42.28 

28.80 
44.06 

100 

no 

X20 
UO 

140 

100.40 
144.70 
204.60 

47-80 

71.22 

104.22 

149.94 

211.58 

49.78 

74.04 

108.17 

155-34 
218.76 

51.84 

76.96 
112.25 
160.90 
226.14 

53-98 

II 646 
166.62 
233-72 

56.20 

83.10 

120.80 

172.50 

241.50 

58.50 

86.32 

125.28 

178.56 

249-50 

.  60.88 
89.66 
129.91 
184.80 
257.72 

6334 
93.12 

134.69 
191.22 

266.16 

65.88 

96.70 

139.62 

197.82 

274.82 

150 

160 

170 
180 

283.70 
386.00 
515.60 
677.15 

292.80 

397.65 
530.20 

695-30 

302.15 
409.60 

545-20 
713-75 

3"-75 
421.80 

560.45 
732.65 

321.60 

434.30 
576.10 

751.90 

33>-70 
447- 10 
592.05 
771.50 

342.05 
460.20 
608.35 

352.65 
473-60 
625.05 

363-50 

487.25 
642.05 

374.60 
501.25 

659,45 

*  These  tables  of  vapor  pressures  are  quoted  from  results  published  by  Ramsay  and  Young  (Jour.  Chem.  Soc 
vol.  47).    The  tables  are  intended  to  give  a  series  suitable  for  hoi-jacktt  purposes. 
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Table  181  '  {.ctummtr), 

VAPOR  PRESSURE. 

Ilftkyl  Salloylati,  BnnciiaplitliaUjM,  and  Mtrovry* 


Temp. 
C 


6< 


r 


(e)  Methyl  Salicylate. 


70° 

80 

90 

100 

no 
120 

>30 
140 

150 

160 
170 
180 
190 

200 

210 

220 


2.40 
4.60 
7.80 

12.60 
19.80 

30-25 
45.30 
66.5s 

95.60 

134.25 
184.70 

249-35 
330.85 

432.3s 
557-50 
710.10 


2.58 
4.87 
8.20 

13.20 
20.68 

3^-52 
47.12 

69.08 

90.00 
138.72 
190.48 
256.70 
340.05 

443-75 
571.45 
727.05 


2.77 

5-J5 
8.62 

13.82 

21.60' 

32.84 
49.01 

71.69 

102.50 

143-31 

196.41 
264.20 

349-45 

455-35 
585-70 

744-35 


2.97 

5-44 
9.06 

14.47 
22.55 
34.21 
50.96 

7438 

106.10 
148.03 
202.49 
271.90 

359.05 

467.25 
600.25 
761.90 


3.18 

5-74 
9.52 

15.15 
23-53 
35-03 
52.97 
77-15 

109.80 
152.88 
208.72 

279-75 
368.85 

479-35 
615.05 

779-85 


3-40 
0.05 

9-95 

15.85 

24-55 
37.10 

55-05 
8aoo 

113.60 
157.85 
2(5.10 
287.80 
378.90 

491.70 
630.15 
798.10 


3.62 

6.37 
1044 

16.58 

25.01 

38.67 

57-20 
82.94 

ii7-5< 
162.95 

221.65 

296.00 

389.15 

504.35 
645-55 


3-85 
6.70 

10.95 


17-34 
26.71 

4a24 

9.43 
5-97 


I 


121.53 
168.19 
228.30 
.304.48 
399.60 

661.25 


4.09 
7.05 
11.48 

18.13 
27.85 
41.84 

61.73 
89.09 

125.66 
173-56 
235-15 

3«3.05 
410.30 

530.40 
677-25 


4-34 
7.42 

12.03 

18.95 
29.03 

43-54 
64.10 

92.30 

129.90 
179.06 
242.15 
321.85 
421.20 

543-80 
093.60 


(f)  Bromonaphthaline. 


110° 

120 

130 

140 

150 

160 
170 
180 
190 

200 

210 
220 
230 
240 

250 

260 
270 


3.60 

3-74 

3.89 

4.05 

4.22 

4.40 

4.59 

4-79 

5.00 

5*45 

5.70 
8.89 

5-96 

6.23 

6.51 

6.80 

7.10 

7.42 

7.76 

8.50 

9.29 

9.71 

10.15 

10.60 

11.07 

11.56 

12.07 

'3-15 

13-72 

14-31 

14.92 

15-55 

16.20 

16.87 

17.56 

18.28 

^%^ 

20.59 

21,41 

22.25 

23.11 

24.00 

24.92 

25.86 
36.83 
51.28 

26.83 

28.85 

29.90 

30.98 

32.09 

33.23 

34-40 

35.60 

38.10 

40.75 

42.12 

43.53 

44-99 

46.50 

48.05 

49.64 
68.19 

52.96 

56.45 

58.27 

60.14 

62.04 

64.06 

66.10 

70.34 

72.55 

77.15 

79-54 

81.99 

84.51 

87.10 

89.75 

92.47 

95.26 

98.12 

104.05 

107.12 

110.27 

113.50 

1 16.81 

120.20 

123.67 

127.22 

I3a86 

138.40 

142.30 
186.65 

146.29 

150.38 

154.57 

158.85 

163.25 

167.70 

172.30 

181.75 

191.65 

196.75 

202.00 

207.35 
267.85 

212.80 

218.40 

224.15 

235-95 

242.05 

248.30 

254.65 

261.20 

274.65 

281.60 

288.70 

303-35 

310.90 

318.65 

326.50 

334-55 

342.75 

351.10 

359-65 

368.40 

386.35 

395-60 
498.55 

405.05 

414.65 

424.45 

434.45 

444.65 

455-00 

465.60 

487.35 

509.90 
635-70 

521.50 
649.50 

533-35 

545-35 
677.85 

557.60 

570.05 

582.70 

608.75 

622.10 

003.55 

692.40 

707.15 

722.15 

(g)  Mercury. 


I 


;.22 
,12 
12.60 

19-03 


27.83 

54.68 

74.82 

101.05 

134.59 

176.95 
23aoo 

295-95 
377.30 

476.35 
595-60 

737.45 


\ 


270° 

280 
290 

300 

310 
320 

330 
340 

350 

360 


123.92 

157.35 
198.04 

246.81 

304.93 
373-67 
454-4 1 
548.64 


126.97 
161.07 
202.53 

252.18 

311-30 
381.18 

463.20 
558.87 


658.03  I  669.86 
784-31   I 


130.08 
164.86 
207.10 

25765 
317-78 
388.81 

472.[2 

569-25 
681.86 


133.26 
211.76 
263.21 

324.37 
396.56 

481.19 

579.78 

694.04 


136.50 

172.67 
216.50 

268.87 

331.08 

404.43 

490.40 

590.48 

706.40 


139.81 

176.79 
221.33 

274.63 

337.89 
412.44 

499.74 
601.33 

718.94 


143.18 

180.88 

226.25 

280.48 
344.81 

420.58 
509.22 

612.34 
731.65 


146.61 

185.05 
231.25 

286.43 

35i-8s 
428.83 

518.85 

623.51 

744.54 


iqO.I2 


189.30 
236.34 

292.49 
359.00 
437.22 
528.63 
634.85 

757.61 


'  53-70 
193-63 
241.53 

208.66 
366.28 

445.75 
538.56 
646.36 

770.87 


BuiTMsoNiAM  Tables. 


Tablk  182.  igj 

VAPOR   PRESSURE   OF  SOLUTIONS    OF  SALTS   IN   WATER.* 

The  first  column  gives  the  chemical  formula  of  the  salt.  The  headings  of  the  other  columns  jnye  the  number  of 
gram-molecules  of  the  salt  in  a  liter  of  water.  The  numbers  in  these  columns  give  the  lowering  of  the  vapor 
pressure  produced  by  the  salt  at  the  temperature  of  boiling  water  under  76  centimeters  barometric  pressure. 


Substance. 

0.6 

1.0 

a.o 

3.0 

4.0 

6.0 

6.0 

8.0 

10.0 

Al2(S04)8     .           .           . 

12.8 

36.5 

AlCls  .... 

22.5 
6.6 

61.0 

179.0 

318.0 

Ba(S08)2     . 

154 

34-4 

Ba(OH)2     . 
Ba(N08)2    . 

12.3 

22.5 

39-0 

13-5 

27.0 

Ba(C108)2   .        . 

15.8 

33-3 

70.5 
77.6 

108.2 

BaCl2  .... 

16.4 

36.7 

« 

BaBr2  .... 

16.8 

388 

91.4 

150.0 

204.7 

CaSaOs        .        . 

9.9 

23.0 

56.0 

106.0 

Ca(N08)2    .        .        . 

16.4 

34-8 

74.6 

1393 

161.7 

205.4 

CaCl2  .        ... 

17.0 

39-8 

95-3 
105.8 

166.6 

241.5 

3i§-5 

CaBr2. 

177 

44.2 

Z91.0 

283.3 

368.5 

CdS04 

4.1 

8.0 

I5.I 

Cdia    .... 

7-^ 

14.8 

33-5 

52.7 

CdBr2. 

8.6 

17.8 

36.7 

55-7 

80.0 

CdCl2. 

9.6 

18.8 

2f>7 

57.0 

77.3 

990 

Cd(N08)2    .          .           . 

Cd(C108)2  . 

15.9 

36.1 

78.0 

122.2 

17-5 

C0SO4 

5-5 

10.7 

22.9 

45-5 
136.0 

C0CI2. 

15.0 

34.8 

83.0 

186.4 

Co(N08)2    .          .          . 

'7-3 

39-2 

89.0 

152.0 

218.7 

282.0 

332.0 

FeS04 

5.8 

10.7 

24.0 

42.4 

HaBOg 

6.0 

12.3 

2^6 

38.0 

51.0 

H8PO4         .        .        . 

6.6 

14.0 

45-2 
46.4 

62.0 

81.5 

103.0 

146.9 

189.5 

H8ASO4       . 

7-3 

15.0 

30.2 

64.9 

» 

H2SO4 

12.9 

26.5 

62.8 

104.0 

X48.0 

198.4 

247.0 

343-2 

KH2PO4     . 

10.2 

19.5 

33-3 

47.8 

60.5 

73-^ 

85.2 

KNO3. 

10.3 

21. 1 

40.1 

57.6 
62.1 

74-5 

88.2 

102. 1 

126.3 

148.0 

KC108 

10.6 

21.6 

42.8 

80.0 

KBrOa 

10.9 

22.4 

450 

KHSO4       . 

10.9 

21.9. 

43-3 
44.8 

65-3 

85.5 

107.8 

129.2 

170.0 

KNO2 

II. I 

22.8 

67.0 

90.0 

1 10.5 

130.7 

167.0 

198.8 

KCIO4 

11.5 

22.3 

KCl     .        .        .        . 

12.2 

24.4 

48.8 

74.1 

100.9 

128.5 

152.2 
100.0 

KHCO2      . 

11.6 

23.6 

59.0 

77.6 

104.2 

132.0 

210.0 

255-0 

KI       .        .        .        . 

12.5 

25.3 
28.3 

52.2 

82.6 

1 1 2.2 

141.5 

171.8 

225.5 

278.5 

K2C2O4       .        • 

J  3-9 

59-8 

94.2 

131.0 

KaW04       . 

13-9 

33-0 

75-0 
68.3 

123.8 

175-4 

226.4 

KjCOa 

14.4 

31.0 

105.5 

152.0 

209.0 

258.5 

350.0 

KOH  .... 

15.0 

29.5 

64.0 

99.2 

140.0 

181.8 

223.0 

309.5 

387.8 

K2Cr04       . 

16.2 

29-5 

60.0 

LiNOs 

12.2 

25.9 

55-7 

88.9 

122.2 

1 55. 1 

188.0 

2534 

309-2 

LiCl     .... 

12.1 

25.S 

57.1 

95.0 

132.5 

'Z5-5 

219.5 

3'i.5 

393-5 

LiEr     .... 

12.2 

26.2 

60.0 

07.0 
89.0 

140.0 

186.3 

241.5 

341-5 

438.0 

Li2S04 

• 

13-3 

28.1 

56.8 

LiHS04      . 

12.8 

27.0 

57.0 

930 

130.0 

168.0 

Lil       ...        . 

13.6 

28.6 

64.7 

105.2 

154-5 

206.0 

264.0 

357.0 

445-0 

LiaSiFlc       . 

15-4 

34-0 

70.0 

106.0 

LiOH. 

15.9 

37.4 

78.1 

Li2Cr04 

16.4 

32.6 

74.0 

120.0 

171.0 

•  Compiled  from  a  table  by  Tammaon,  "  M^m.  Ac.  St.  Petersb."  35,  No.  o,  1887. 
Phys."  ch.  2,  42,  1886. 

Smithsonian  Tables. 


See  also  Referate,  "  Zeit.  L 


i8o 


TaBLK   181   '  it^ntim/fd). 

VAPOR  PRESSURE. 

Kftliyl  BalloyUtt,  Bnmmuu^thMHaM,  and  Mtroiiiy. 


Temp. 
C. 


3' 


6< 


70 


8^ 


90 


(e)  Methyl  Salicylate. 


70° 

80 

90 

100 

no 
120 
130 
140 

150 

160 
170 
180 
190 

200 

210 
220 


2.40 

2.58 
4.87 

2.77 

2.97 

3.18 

3-40 

3.62 

3-85 
6.70 

4.09 

4-34 

4.60 

5-15 

5-44 

5-74 

0.05 

7-05 

742 

7.80 

8.20 

8.62 

9.06 

9.52 

9-95 

1044 

10.95 

11.48 

12.03 

12.60 

13.20 

13.82 

* 

14.47 

15.15 

15.85 

16.58 
25.61 

17.34 

18.13 

18.95 

19.80 

20.68 

21.60' 

22.55 

23-53 
35-03 

24.55 

26.71 

27.85 

29-03 

30-25 

31-52 

32.84 

34.21 

37.10 

38.67 

40.24 

41.84 

43-54 

45.30 
66.55 

47.12 

49.01 

50.96 

52.97 

55-05 
80.00 

157.20 
82.94 

59-43 
85-97 

61.73 

64.10 

69.08 

71.69 

74-38 

77-15 

89.09 

92.30 

95.60 

99.00 

102.50 

106.10 

109.80 

113.60 

1 17.51 

121.53 

125.66 

129.90 

134.25 

138.72 

143-31 
196.41 

148.03 

152.88 

157.85 

162.95 

168.19 

173-56 

179-06 

184.70 

190.48 

202.49 

208.72 

215.10 

221.65 

228.30 

235-15 

242.15 

249-35 

256.70 

264.20 

271.90 

^121^ 

287.80 

2q6.oo 

.304.48 

313-05 

321.85 

330-85 

340.05 

34945 

359-05 

368.85 

378.90 

3»9-»5 

399.60 

410.30 

421.20 

432.35 

443-75 

455-35 
585-70 

467.25 

479.35 

491.70 

504.35 
045-55 

517-25 

530.40 
677.25 

^tS 

557.50 

571.45 

600.25 

615.05 

630.15 

661.25 

710.10 

727.05 

744-35 

761.90 

779-85 

798.10 

(f)  Bromonaphthaline. 


110° 

120 
130 
140 

150 

160 
170 
180 
190 

200 

210 
220 
230 
240 

250 

260 
270 


3.60 

-45 
.50 

13-15 


t 


19.80 
28.85 

40.75 
56.45 
77-15 

104.05 
138.40 
181.75 

23595 
30335 

386.35 

487-35 
608.75 


3-74 
5.70 
8.89 

1372 

20.59 
29.90 

42.12 

58.27 

79-54 

107.12 
142.30 
186.65 
242.05 
310.90 

395-60 

498.55 
622.10 


3-89 
5.96 

9.29 
14-31 

21.41 

30.98 

43-53 
60.14 

81.99 

110.27 
146.29 
191.65 
248.30 
318.65 

405.05 
509.90 

635-70 


405 

6.23 

9.71 

14.92 

22.25 
32.09 

44.99 
62.04 

84.51 

113.50 
150.38 

19675 
254.65 

326.50 

414.65 
521.50 
649.50 


4.22 

6.51 

10.15 

15-55 

23.11 

33-23 
46.50 

64.06 

87.10 

1 16.81 

154.57 
202.00 
261.20 

334.55 

424.45 
533-35 
66355 


4.40 

6.80 

10.60 

16.20 

24.00 
34.40 
48.05 
66.10 

89-75 

120.20 
158.85 

207.J5 
267.85 

342.75 

434-45 
545-35 
677-85 


4-59 
7.10 

11.07 

16.87 

24.92 
35.60 
40.64 
68.19 

92.47 

123.67 
163.25 
212.80 
274.65 
351.10 

444.65 
557.60 
692.40 


4.79 
7.42 

11.56 

17.56 

25.86 
36.83 
51.28 

70.34 
95-26 

127.22 
167.70 
218.40 
281.60 

359-65 

455-00 
570.05 

707-15 


5.00 

7-76 
12.07 
18.28 

26.83 
38.10 
52.96 

72.55 
98.12 

I3a86 
172.30 
224.15 
288.70 
368.40 

465.60 
582.70 
722.15 


(g)  Mercury. 


5.22 

8.12 

12.60 

19.03 

27.83 

39-41 
54.68 

74.82 

101.05 

134.59 

176.95 
230.00 

295-95 
377-30 

476.35 
595-60 

737-45 


270° 

280 
290 

300 

310 
320 

330 
340 

350 

360 


123.92 

157-35 
198.04 

246.81 

304.93 
373-67 
454-4  « 
548.64 

658.03 
784-3' 


126.97 
161.07 
202.53 

252.18 

311-30 
381.18 
463.20 

558.87 
669.86 


130.08 
164.86 
207.10 

257-65 
317.78 
388.81 
472.12 
569.25 

681.86 


133-26 
211.76 

263.21 

324.37 
396.56 
481.19 

579-78 
694.04 


136.50 
172.67 
216.50 

268.87 
331.08 
404.43 
490.40 
590.48 

706.40 


139.81 
176.79 
221.33 

274.63 

337-89 
412.44 

499-74 
601.33 

718.94 


143.18 
180.88 
226.25 

280.48 

344.81 
420.58 
509.22 
612.34 

731-65 


146.61 
185.05 

231.25 

286.43 

^51-85 
428.83 

18.85 
23-5' 

744-54 


11JO.12 
189.30 


292.49 
359-00 
437-22 
528.63 
634.85 

757-61 


1 53.70 
193-63 


236.34  I  241.53 


208.66 
366.28 

445-75 
538.56 
646.36 

770.87 


Smitmsonian  Tables. 


Tablk  182.  igl 

VAPOR   PRESSURE   OF  SOLUTIONS    OF  SALTS   IN   WATER.* 

The  first  column  gives  the  chetnicsl  formula  of  the  salt.  The  headings  of  the  other  columns  jnve  the  number  of 
gram-molecules  of  the  salt  in  a  liter  of  water.  The  numbers  in  these  columns  give  the  lowering  of  the  vapor 
pressure  produced  by  the  salt  at  the  temperature  of  boiling  water  under  76  centimeters  barometric  pressure. 


Substance. 

0.6 

1.0 

a.o 

3.0 

4.0 

6.0 

6.0 

8.0 

10.0 

Al2(S04)8     .           .           • 

12.8 

36.5 

AlClg  .... 

22.5 
6.6 

61.0 

179.0 

318.0 

Ba(SOs)2     . 

154 

34.4 

Ba(OH)2     . 

12.3 

22.5 

39-0 

Ba(N08)2    . 

1 3-5 

27.0 

Ba(C108)2   . 

15.8 

m 

70.5 
77.6 

108.2 

BaCl2  .... 

16.4 

• 

BaBrs  .... 

16.8 

38.8 

91.4 

150.0 

204.7 

CaS^Oi        .        . 

9.9 

23.0 

56.0 

106.0 

Ca(N08)2    .        .        . 

16.4 

34.8 

74.6 

139-3 

161.7 

205.4 

CaCl2  .        .        . 

17.0 

39-8 

95-3 
105.8 

166.6 

241.5 

Ws 

CaBrg. 

177 

44.2 

191.0 

283.3 

CdS04 

4.1 

8.0 

18. 1 

Cdl2    .... 

l-^ 

14.8 

33-5 

527 

CdBr2. 

8.6 

17.8 

36.7 

557 

8ao 

CdCla. 

9.6 

18.8 

36.7 

57.0 

77.3 

99.0 

Cd(N08)2   . 

15.9 

36.1 

78.0 

122.2 

Cd(C108)2  . 

17-5 

C0SO4 

5-5 

10.7 

22.9 

45-5 
136.0 

C0CI2. 

15.0 

34^ 

83.0 

186.4 

Co(N08)2     . 

'7-3 

39-2 

89.0 

152.0 

218.7 

282.0 

332.0 

FeS04         .        .        . 

i 

10.7 

24.0 

42.4 

H8B08 

12.3 

2^6 

38.0 

51.0 

H8PO4 

6.6 

14.0 

45-2 
46.4 

62.0 

81.5 

103.0 

146.9 

189.5 

H8ASO4       . 

7-:^ 

•  15.0 

30.2 

64.9 

% 

H2SO4 

12.9 

26.5 

62.8 

104.0 

148.0 

198.4 

247.0 

343-2 

KH2PO4     . 

10.2 

19.5 

33-3 

47.8 

60.5 

73-' 

85.2 

KNOs. 

10.3 

21. 1 

40.1 

57.6 
62.1 

74.5 

88.2 

102. 1 

126.3 

148.0 

KClOa 

10.0 

21.6 

42.8 

80.0 

KBrOs 

10.9 

22.4 

45-0 

KHSO4       . 

10.9 

21.9. 

43-3 
44.8 

65.3 

85.5 

107.8 

129.2 

170.0 

KNO2 

II. I 

22.8 

67.0 

90.0 

110.5 

130.7 

167.0 

198.8 

KCIO4 

II.5 

22.3 

KCl     .        .        .        . 

12.2 

24.4 

48.8 

74.1 

X00.9 

128.5 

152.2 

KHCO2      . 

II.6 

23.6 

59.0 

77.6 

104.2 

132.0 

160.0 

210.0 

255.0 

KI       .        .        .        . 

1-2.5 

28.3 

52.2 

82.6 

1 1 2.2 

141.5 

171.8 

225-5 

278.5 

K2C2O4 

139 

59.8 

94.2 

131.0 

K2WO4       . 
K2CO8         .        . 

139 
14.4 

33-0 
31.0 

75-0 
68.3 

123.8 
105.5 

175-4 
152.0 

226.4 
209.0 

258.5 

350-0 

KOH  .... 

15.0 

29.5 

64.0 

99,2 

140.0 

181.8 

223.0 

3095 

387.8 

K2Cr04       . 

16.2 

29-5 

60.0 

LiNOa 

12.2 

25.9 

55-7 

88.9 

122.2 

155.1 

188.0 

253-4 

3092 

LiLl    .... 

12.1 

25.5 

57-1 

95.0 

132.5 

'Z5-5 

219.5 

3"-5 

393-5 

LiBr    .... 

12.2 

26.2 

60.0 

97.0 

140.0 

186.3 

241.5 

34'.5 

438.0 

Li2S04 

• 

^ZZ 

28.1 

56.8 

89.0 

LiHS04      . 

12.8 

27.0 

57.0 
64.7 

930 

130.0 

168.0 

Lil       ...        . 

13.6 

28.6 

105.2 

154.5 

206.0 

264.0 

357.0 

445.0 

LigSiFle      . 

15-4 

34.0 

70.0 

106.0 

LiOH. 

15- 9 
16.4 

37-4 

78.1 

Li2Cr04       . 

1 

1 

32.6 

74-0 

120.0 

I7I.O 

*  Compiled  from  a  table  by  Tammann,  "  Mrfm.  Ac.  St.  Petcrsb."  35,  No.  o,  1887.    Sec  also  Referate,  "Zcit.  L 
Phys."  ch.  2, 42,  1886.  ;.j  V.        /  , 
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Table  in. 
PRESSURE  OF  AQUEOUS  VAPOR   IN  THE  ATMOSPHERE. 


Tliis  table  gives  the  vapor  pressure  corresponding  to  various  values  of  the  difference  t  —  h  between  the  readings  oi 
dry  and  wet  bulb  thermometers  and  the  temperature  /i  of  the  wet  bulb  thermometer.  The  difference  i  —  his  given 
by  twonde^ree  steps  in  the  top  line,  and  h  by  degrees  in  the  first  column.    Temperatures  in  Centigrade  degrees,  vapor 

Pressures  m  millimeters  of  mercury  are  used  throughout  the  table.    The  table  was  calculated  for  Darometric  prevoie 
'  equal  to  76  centimeters.    A  correction  is  given  tor  each  centimeter  at  the  top  of  the  columns.    Ventilating  vdodty 
of  wet  thermometer  about  3  meters  per  second. 


h 

t-h 

a» 

4* 

6* 

8« 

IO« 

I3- 

14* 

i6^ 

i8^ 

ao* 

1 

Differ- 
ence   1 
for 
o.i'in  1 

Correc 
for  Bp 

tions 
er  cm 

.0x3 

.026 

.040 

.053 

.066 

.079 

.093 

.Z06 

.ZX9 

.13a 

—10 

1.96 

0.97 

- 

• 

_^ 

Example. 

0.050 

-  2 

2.14 

IIS 

0.16 

— 

0.050 

-  8 

2.34 

1.35 

0.3S 

•— 

— 

t  - 

17.2;  ii 

—  zo.o; 

5 -74.5  cm 

0.050  ' 

~  I 

3SS 

1.56 

0.66 

— 

— 

/ 

-/I -7 

.3 

0.050 

-  6 

2.78 

Z.78 

0.79 

— 

— 

From  table: 

6.Z7- 

xaX  0.050  —  5. 

S7 

0.050 

For5,  i.sX  .048 

a       .< 

>7 

-  5 

3.0a 

a. 03 

Z.03 

0.03 

— 

Hence  ^ 

-5. 

64 

0.050 

-  4 

3.29 

a.  29 

x.a9 

0.39 

— 

0.050  ' 

-  3 

3.S8 
3.89 

a.  58 

1.58 

0.58 

— 

0.050 

—  a 

2.89 

Z.89 

0.88 

— 

— 

— 

— 

— 



— 

0.050 

—  z 

4.2a 

3.23 

a. 3a 

Z.3X 

0.3Z 

^^ 

~~ 

-^ 

^^ 

-^ 

^— 

0.050 

0 

4.58 

3.58 

2.57 

1.57 

0.57 

— 

— 

— 

— 



— 

0.050- 

X 

4.92 

3.92 

3.93 

Z.9Z 

0.91 

— 

—  • 

— 

<— 



— 

0.050 

9 

S.ao 
5-68 

4.20 

3.38 

3.37 

Z.27 

0.26 

— 

— 

— 



— 

0.050 

3 

4.68 

3.67 

3.66 

1.66 

0.65 

— 

— 

— 



— 

0.050  1 

4 

6.Z0 

S.09 

4.08 

3.07 

a. 07 

Z.06 

0.05 

-^ 

^^ 

^^ 

— 

0.050 

1 

6.54 

5.53 

4.52 

3.51 

a. 51 

z.so 

0.49 

— 

— 



— 

0.050 

7. ox 

6.00 

4.99 

3. 98 

3.97 

Z.96 

0.95 

— 

— 

— 

^— 

0.050 

I 

7.51 

6.50 

5.49 

4.48 

3-47 

3.46 

145 

0.43 

— 



— 

0.050 

?•?♦ 

7.03 

6.03 

5.0Z 

4.00 

a. 98 

1.97 

0.96 

— 

— • 

— 

0.050 

9 

8.61 

7.60 

6.58 

5.57 

4.56 

3.54 

3.53 

Z.53 

0.50 

^— 

^.- 

0.050 

10 

9. ax 

S.ao 

7.18 

6.17 

5-15 

4.14 

3.13 

a.zi 

Z.09 

o.oS 

— 

0.050 

zz 

9.8s 

8.83 

7.8x 

6.80 

5. 78 

4.77 

3.75 

a.  73 

Z.72 

0.70 

t  __ 

0.05Z 

za 

xo.sa 

9.50 

8.49 

I'^l 

6.45 

5.44 
6.14 

4.42 

3.40 

3.38 

1.37 

0.35 

0.051 

13 

XX.  a4 

zo.aa 

9.30 

8.z8 

7.Z6 

5J3 

^■11 

309 

a. 07 

1.05 

0.05Z 

14 

IX. 99 

10.97 

9-95 

8.93 

7.9Z 

6.90 

5.88 

4.86 

3.84 

3.83 

Z.80 

0.05X 

'i 

12.79 

IX. 77 

10.75 

9.73 

8.71 

2-^ 

6.67 

S.6S 

4.63 

3.6z 

a.  59 

0.05X 

z6 

13.64 

za.6a 

ZX.60 

X0.58 

9.96 

8.53 

2-5^ 

6.49 

5. 47 

4.45 

3.43 

0.05X 

*2 

14. 54 

13.52 

12.49 

XX. 47 

10.45 

9.42 

8.40 

7.38 

6.36 

5. 33 

4-31 

0.05X 

z8 

15. 49 

14.46 

13.44 

X3.43 

1Z.39 

10.37 

9.34 

8.3a 

7.30 
8.39 

6.37 

5-25 

O.Q5Z 

19 

16.49 

15.46 

14.44 

13.41  • 

12.39 

ZZ.36 

10.34 

9.31 

7.36 

6.34 

0.05X 

30 

il'.le 

x6.5a 

15.50 

14.47 

13.44 

Z3.42 

11.39 

Z0.36 

9.34 

8.3Z 

7.29 
8.39 

0.05Z 

az 

17.64 

x6.6z 

15.58 

14.56 

13.53 

xa.50 

11.47 
13.64 
13.88 

to.  AS 
ZX.63 

9.4a 

0.05X 

aa 

19.84 

z8.8a 

17.79 

X6.76 

15-73 

14.70 

13.67 

10.59 

10.57 

0.05Z 

23 

az.09 

ao.o6 

19.03 

z8.oo 

16.97 

15-94 

14.91 
Z6.3Z 

X3.85 

zi.8a 

10.79 

0.05Z 

24 

aa.40 

21. 37 

20.34 

19.31 

z8.a7 

17.24 

X5.Z8 

14.15 

Z3.za 

Z3.09 

0.05X 

^1 

23.78 

22.75 

3Z.71 

ao.68 

19.65 

18.63 

17.59 

16.56 

15.52 

14.49 

13.46 

0.^53 

25.24 

34.  ao 

23.17 

33.1^ 
33.66 

3X.ZO 

30.07 

19.04 
30.56 

x8.co 

16.97 

15.94 

14-90 

0.05a 

*z 

^S'77 

25.73 

24.70 
26.31 

33.63 

31.60 

19.53 

18.49 

17.46 

X6.43 

0.05a 

a8 

28.38 

27.34 

35.37 

24-24 

33.30 

33.17 

ax.X3 

ao.zo 

19.06 

X8.03 

0.053 

99 

30.08 

29.04 

28.00 

36.97 

25.93 

34.89 

33.86 

33.83 

3Z.78 

20.75 

19.71 

0.052 

30 

31.86 

30.8a 

39.78 

28.75 

37.71 

36.67 

25.63 

34.60 
36.46 

23.56 

33.53 

3Z.48 

0.053 

31 

33-74 

32.70 

31.66 

30.63 

29.58 

28.54 

37.50 

35.42 

24.38 
26.34 

33.34 

0.053 

32 

35.70 

34.66 

33.63 

32.58 

31-54 

30.50 

39.46 

38.43 

27.38 

25.30 

0.053 

33 

37.78 

36.73 

35.69 

34.6s 

33.61 

32.57 

31.53 

30.  A9 
32.65 

29.44 

38.40 

27.36 

0.053 

34 

39-95 

38.90 

37.86 

36.83 

35.78 

34.73 

33.69 

3x.6x 

30.57 

29.52 

0.053 

u 

42.23 

4Z.18 

40.14 

39.10 

38.05 

37.  oz 

35.97 

34.92 

33.88 

32.83 

31.79 

0.053 

44.6a 

43.57 

42.53 

41.48 

40.44 

39.40 

38.35 

37.31 

36-26 

35.22 

34.17 

0.053 

5? 

47.13 

46.08 

47.66 

43.99 

42-94 

41.90 

40.8s 

39. 8x 

38.76 

37.71 

36.67 

0.052 

49.76 

48.71 

46. 6x 

45-57 

44.52 

43.47 

42.43 

41.38 

40.33 

39.29 

0.052 

39 

52.51 

51.46 

50.41 

49.37 

48.32 

47.27 

46.33 

45.17 

44.12 

43.08 

42.03 

0.053 

40 

55.40 

54. 35 

53-30 

52.25 

5Z.30 

50.15 

49.10 

48.05 

47.00 

45.95 

44.00 

0.052 
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Table  190. 
RELATIVE  HUMIDITY. 
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Vertical  argument  is  the  observed  vapor  pressure  which  may  be  computed  from  the  wet  and  dry- 
bxilb  readings  through  Table  x88  or  189.  The  horizontal  argument  is  the  sbBerved  air  temperature 
Cdzy-bulb  reading).  Based  upon  Table  43,  p.  14a,  Smithsonian  Meteorological  Tables,  3d  Revised 
Edition,  1907. 


T 


Vapor 
Pressure. 


L 


nun* 


0.25 
0.50 
0.75 

1.00 
1.25 
1.50 
1.75 

2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 


Air  Temperatures,  dry  bulb,  ^  Centigrade. 


00     —IB     —9P    —9>     —40     —So 


-70   _ao    —90  —100  _no  _xfl«  —ISO  — !♦>  — ie«> 


6  6  6  7  8  8  9  10  II  12 
II  12  13  14  15  17  18  20  21  23 
17.  18  19  21  23  25  27  30  32  35 


13  H 

2K       28 
38   42 


22 

27 


44 
49 


66 

77 


24 

36 
42 

48 
S3 

il 

71 
77 
83 


26  28 

32  35 

39  42 

45  49 

8  63 

5  70 
71 

84  91 

90  98 


30  33 

38  42 

46  so 

53  58 


36 
45 

It 


40 

49 
59 


42  47 

54  58 

64  70 

75  82 


1: 


9 


56  61 

70  76 

84  92 

98 


15  17  18  20 

30  34  37  40 

46  50  55  60  96 

67  74  80   . 

84  92  100' 

100 


I' 


II 


61 

69 
76 
84 
92 

99 


66  72  79  86  93 

75  81  89  96 

83  90  99  -  - 

91  100  -  -  - 

SCO  —  —  —  — 


3.50  77  83  90  98 

3.75  82  89  97  - 

4.00  88  95  -  - 

4.25  93  ,00  - 

4.50  99  -  -  - 


Vapwr 

Pressure. 

mm. 


Air  Temperatures,  dry  bulb,  ^  Centigrade. 


00      10     so       90     40 


•o      TO      §0      90        103    11©    ISO    130    140    150    100    170     ifo     190     20' 


0.5 
1.0 
1.5 
2.0 
2.5 

3.0 
3.5 
4.0 
4.5 
5.Q 

5.5 
6.0 
6.5 
7.0 
7.5 

8.0 

a5 

9.0 

9.5 

10.0 

11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 


II    10     90887766  55544443333 

22    20    19    18    16    15    14    13    13    12  II    10    10     9     8     8     7     7      7  6  6 

33    31    28    27    25    23    22    20    19    18  16    15    14    i^    13    12    II    10    10  9  9 

44    41    38   35   33   3^    29    27    25    23  22    20    19    18    17    16    15    14    13  12  12 

55    51    47    44   41    38    36   33   31    29  27    26   24    22    21    20    18    17    18  15  14 

66    61    p    53    49   46   43    40   38    35  33    3^    29    27    25    24    22    21    20  18  17 

77    71    66   62    58    54    50   47    44    41  38    36   34    31    29    28    26    24    23  21  20 

88    81    76    71    66   61    57    54    50    47  44   4i    38    36   34    32    3©   28    26  2C  23 

99    92    85    80    74    69   65    60    56    S3  49   46   43    40   38    36    33   3^    29  28  26 

-  -    95    88    83    77    72    67    63    58  55    51    48    45   42    39   37    35   33  31  29 

-  -     -   97    91    85    79   74    69   64  60    56    sj    49   46   43   41    38    36  34  32 

-  -     -     -   .99   92    86   80   75    70  66   61    58    54    51    47    44    42    39  37  34 

-  -     -     -     -  loo   93   87    81    76  71    67    62    IS    55    51    48   45   42  40  37 
_     -     -     -     -     -  100   94   85    82  77    72    67    63    §9    55    52    49   46  43  40 

-  -     «     -     -     -     -  100   94    88  82    77    72    67    63    59    55a  52    49  46  43 

-  -     -     -     -     -     -     -  TOO   94  88    82    77    72    67    63    59    56    52  49  46 

-  -     -     -     _     _     -     »     -99  93    87    82    76   72    67    63    59    55  52  49 

-  -     -     _     -     _     -     -     -     -  .98   92    86   81    76   71    67    02    59  51;  52 

-  _     -     _     -     _     -     -     _     -  -   97    91    85    80    75    70   66   62  58  55 
----------  --969084797469656157 

----------  -     -    -    94   93   87    81    76   72  67  63 

---------.^  --.--94   89   83    78  74  69 

--      --------  ------   96   90   85  80  75 

----------  -------   97    91  8680 

----------  --------   97  92  86 

----------  ---------98  92 

----------  ----------98 
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TaBLK  190    {continued). 
RELATIVE  HUMIDITY. 


Vapor 

Pressure. 

mm. 


1 
2 
3 

4 

5 
6 

:7 

8 
.9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 


Air  Temperatures,  dry  bulb,  °  Centigrade. 


too     sio    s|o    tS«    S40    W    *^    no    S80     S9«>       W*    11°    SSo    SS°     S«>    S90     M»    ST^     S8>    It* 


6555544443 

12  II  10  10  9  8  8  8  7  7 
17  16  15  14  14  13  12  II  II  10 
2j  22  20  19  18  17  16  15  14  13 


29  27 

34  32 

40  38 

46  43 

52  49 

03  60 

69  65 

80  76 

86  81 

92  87 

98  92 

-  97 


25  24  23  21  20  19  18  17 

31  29  27  26  24  23  21  20 

36  34  32  30  28  26  25  24 

41  38  36  34  32  30  29  27 

46  43  41  38  36  34  32  30 


10  9  9 

13  12  II 

16  15  14 

19  18  17 


II 

13 
16 


3  3 

5  5 

8  7 

10  10 


2 

5 
7 
9 


2 

4 
6 

9 


2 

4 
6 

8 


2 

4 
6 
8 


13 

II 


5^  48  45 

56  53  50 

61  58  54 

66  62  c 

71  67  6 


9 


76  72  68 

82  77  72 

87  81  77 

92  86  81 

97  91  86 


43  40 

47  44 

51  48 

64  60 

68  64 

72  68 

77  72 

81  76 


38  36  34 

42  39  37 

45  43  40 

49  40  44 

53  SO  47 

57  53  5Q 

60  57  54 

64  61  57 

68  64  60 

72  68  64 


14  14  13  12 

22  21  20  19  18  17  16  15  14 

25  24  23  21  20  19  18  17  16 

29  27  25  24  23  22  20  19  18 

32  30  28  27  21 

35  33  31  29  z 

38  30  34 


12  II  II  10  10 

12 

13 
»5 
17 


4 

5 
7 

9 
II 

"3 

>5 

16 


c  24  23  21  20  19  18 

8  26  25  24  22  21  20 1 

32  30  29  27  26  24  22  22 

4«  39  37    35  33  3^  29  28  26  25  24 

44  42  40  37  35  33  32  30  28  27  26 


96  90  85  80  76  71  67 

-  95  89  84  79  7j  71 

-  100  94  88  83  78  74 

-  -  98  92  87  82  77 

-  -  -  96  91  85  81 


100  94  89  84 

-  98  93  87 

-  -  96  91 

-  -  100  94 

-  -  -  97 


48  45  42 

5"  48  45 

54  5«  48 

57  54  51 

00  57  54 

63  60  57 

67  63  59 
70  66 .  62 

73  69  6q 

76  72  68 

79  75  71 

83  78  74 

86  81  76 

89  84  79 

92  87  82 

93  8S 

96  91 

99 


40  38  36  34  32  30 

43  41  38  36  34  32 

45  43  41  38  36  34 

48  46  43  41  39  37 

51  48  45  43  41  39 

53  51  48  45  43  41 

50  53  50  48  45  43 

59  56  53  50  47  45 

02  58  55  52  49  47 

64  61  57  54  51  49 


29  27 

31  291 

33  31' 

35  33 . 

36  35 

38  36 

40  38 

42  40 

44  42 

46  44 


67  63 

70  66 

72  68 

75  71 

78  73 

80  76 

83  78 

86  81 

88  84 

91  86 


99  9 


^ 


89 
91 
99  94 

-  96 

-  99 


60  56 

67  63 

69  65 

72  68 

74  70 

77  72 

79  75 

81  77 

84  79 

86  81 

89  84 

91  86 

93  88 


54  51 

56  S3 

58  55 

60  57 

62  59 

64  61 

66  63 

69  65 

71  67 

73  69 

75  7' 

77  73 

79  75 

81  77 

83  79 


48 

46 

50 

47 

52 

49 

54 

51 

56 

53 

^ 

\l 

62 

63 

6n 

65 

62 

67 

64 

69 

66 

71 

67 

73 

69 

75 

71 

96  90  86  81  77  73 

98  93  88  83  79  75 

100  95  90  85  81  77 1 

-  97  92  87  83  78' 

-  99  94  89  84  80 

-  -  96  91  86  82 

-  -  99  93  88  84 

-  -  -  95  90  86, 

-  -  -  97  92  871 

-  -  -  99  94  89 


96  91 

98  93 

100  95 

-  97 

-  98 


100 
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TABLE  190  (concluded).— 'R9lB,ti^9  Hnmidlty. 

(Data  from  20®  to  60**  C.  based  upon  Table  185). 
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Vapor 

Air  Temperal 

lures, 

dry  bulb, 

^  Centigrade. 

PreMore. 
ran* 

w> 

41>    «1» 

4S0 

M»    4D0 

M^    4T° 

4ao 

4»o 

M3 

»!• 

ftl» 

idp 

M» 

ftft"* 

•6' 

or 

ftSo 

M°    600 

5 

5 

9     8 

8 

7      7 

7     6 

6 

6 

5 

5 

5 

5 

4 

4 

4 

4 

4 

4     3 

10 

18 

17    16 

»5 

15    14 

13    13 

12 

II 

II 

10 

10 

9 

9 

8 

8 

8 

7 

7     7 

15 

27 

26    24 

23 

22    21 

20    19 

18 

17 

16 

15 

15 

H 

;^ 

13 

12 

12 

II 

10    10 

20 

36 

34    33 

31 

29    28 

26    25 

24 

U 

22 

21 

20 

19 

17 

16 

»5 

15 

14    13 

25 

45 

43    41 

39 

37    35 

33    31 

30 

27 

26 

24 

23 

22 

21 

20 

19 

18 

18    17 

30 

ts 

5'    49 

46 

44   42 

40    38 

36 

34 

32 

33 

29 

28 

27 

25 

24 

23 

22 

21    20 

35 

60    57 

5^ 

51    49 

46    44 

42 

40 

38 

36 

34 

33 

31 

30 

28 

27 

26 

25    23 

40 

72 

68   65 

62 

59    56 

53    50 

48 

45 

43 

41 

39 

37 

36 

34 

32 

31 

29 

28    27 

45 

81 

11    P 

69 

66    63 

1?    57 

54 

51 

49 

46 

44 

42 

40 

38 

36 

^ 

33 

32   30 

50 

90 

86   81 

77 

73    70 

66   63 

60 

57 

54 

51 

49 

47 

44 

42 

40 

37 

35   33 

55 

99 

94   89 

85 

81    76 
88   83 

.73    69 

66 

62 

59 

1^ 

1^ 

SI 

49 

46 

44 

42 

40 

39   37 

60 

— 

-   98 

93 

Ull 

72 

68 

65 

f. 

53 

5' 

48 

46 

44 

42    40 

65 

— 

—     — 

100 

95   90 

l^ 

74 

70 

67 

64 

1! 

55 

52 

50 

48 

46   43 

70 

— 

-     — 

— 

-   97 

92    88 

84 

80 

Z^ 

72 

68 

6s 

^ 

56 

54 

51 

49   47 

75 

— 

—     "• 

— 

^     — 

99    94 

90 

«5 

81 

77 

74 

70 

67 

60 

58 

55 

53    50 

80 

- 

-     - 

— 

-     — 

—  100 

96 

91 

86 

82 

78 

7S 

7« 

68 

64 

62 

59 

56    54 
60    57 

85 

- 

—     — 

— 

-     - 

- 

97 

92 

87 

84 

Z9 

7S 

72 

69 

65 

62 

90 

- 

-     - 

- 

—     - 

—     — 

- 

97 

93 

88 

84 

80 

76 

73 

69 

66 

63   60 

95 

— 

mm. 

•r> 

MP    5»' 

••^     _ 

— 

- 

98 

94 

89 

84 

80 

77 

73 

70 

67    64 

■    100 

i 

^ 

125 

96 

92    88 

84     - 

— 

— 

— 

98 

93 

89 

85 

81 

77 

73 

70   67 

105 

- 

130 

100 

95   91 

87     - 

. 

— 

~ 

. 

~ 

98 

93 

89 

§5 

81 

11 

74    70 

HO 

- 

135 

- 

99   95 

90     - 

- 

— 

- 

- 

- 

98 

93 

89 

t^ 

77    74 

115 

— 

140 

- 

94     - 

- 

-* 

- 

- 

— 

- 

97 

93 

84 

81    77 

120 

- 

145 

— 

-     - 

97     - 

— 

— 

- 

— 

— 

— 

— 

97 

92 

88 

84   80 

125 

• 

^ 

150 

" 

"  " 

100     — 

" 

" 

" 

" 

" 

" 

" 

" 

96 

92 

88    84 

TABLE  191.  -  BtUtlTt  Himldlty. 

This  table  gives  the  relative  humidity  direct  from  the  difiFerence  between  the  reading  of  the  dry  (t  °  C.)  and  the  wet 
(ti  °  C.)  thermometer.  It  is  computed  for  a  barometer  reading  of  76  cm.  The  wet  thermometer  shoula  be  ventilated 
about  3  meters  per  second.     From  manuscript  tables  computed  at  the  U.S.  Weather  Bureau. 


\9 

Depret 

ision  ( 

of  wet 

-bulb  thermometer, 

tO-tjO. 

O.fo 

o.*> 

0.6» 

O.80 

1.00 

1.99 

1.4P 

!.•«> 

!.•=> 

S.0O 

a.r 

S.9P 

Z.9> 

4.00 

4.5« 

5.00 

%JV> 

-16 

90 

9« 

7a 

62 

53 

44 

35 

»5 

16 

7 

^ 

. 

mm 

mm 

„ 

_ 

_ 

-la 

92 

85 

77 

69 

62 

54 

47 

39 

3a 

25 

7 

— 

— 

— 

- 

- 

— 

-• 

<M 

88 

81 

75 

70 

62 

56 

50 

44 

39 

as 

9 

— 

- 

- 

- 

— 

-6 

95 

89 

85 

80 

74 

6q 

64 

59 

54 

49 

36 

95 

13 

a 

— 

- 

- 

-3 

96 

9« 

87 

8a 

78 

74 

69 

66 

61 

57 

46 

36 

36 

»7 

7 

- 

- 

0 

96 

9a 

89 

85 

81 

78 

74 

7« 

67 

64 

55 

46 

38 

a9 

31 

«3 

6 

+8 
+3 

97 

94 

9» 

87 

84 

81 

78 

75 

7' 

69 

62 

54 

46 

40 

3a 

*S 

18 

0.53 

1.0^ 

I.B0 

S.O0 

«.•«» 

S.OO 

».•«» 

4.©o 

4.*o 

5.00 

• 

•.•0 

T.O' 

•.00 

9.V> 

10.° 

11.0 

l«.o 

9» 

84 

76 

69 

62 

54 

46 

40 

32 

•5 

12 

^ 

^ 

mim 

^ 

^ 

^ 

+6 

94 

87 

80 

73 

66 

60 

54 

47 

4» 

35 

as 

II 

- 

- 

- 

- 

- 

+9 

94 

88 

82 

76 

70 

65 

59 

53 

48 

4a 

3a 

23 

12 

3 

- 

- 

- 

+12 

94 

89 

84 

78 

73 

68 

63 

58 

53 

48 

38 

30 

31 

12 

4 

— 

— 

+  16 

95 

90 

85 

80 

76 

71 

66 

62 

58 

53 

44 

36 

28 

20 

«3 

4 

» 

+18 

95 

90 

86 

8a 

78 

73 

69 

65 

61 

57 

49 

4a 

35 

27 

30 

«3 

6 

+81 

96 

9» 

87 

83 

79 

75 

7' 

67 

64 

60 

53 

46 

39 

32 

36 

»9 

»3 

+84 

96 

9> 

88 

85 

81 

77 

74 

70 

66 

63 

56 

49 

43 

37 

3« 

36 

31 

+87 

96 

93 

90 

86 

82 

79 

76 

7a 

68 

65 

59 

53 

47 

41 

36 

3« 

36 

+30 

96 

93 

90 

86 

82 

79 

76 

73 

70 

67 

61 

55 

SO 

44 

39 

35 

30 

+83 

96 

93 

90 

86 

83 

80 

77 

74 

71 

68 

63 

57 

5a 

47 

4a 

37 

33 

+36 

97 

93 

90 

87 

84 

81 

78 

75 

72 

70 

64 

57 

54 

50 

45 

41 

36 

+39 

97 

94 

9« 

88 

85 

82 

79 

76 

74 

71 

66 

61 

S6 

Sa 

47 

43 

39 
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Tables  IM-IM. 

CORRECTION  FOR  TEMPERATURE  OF  EMERGENT  MERCURIAL 

THERMOMETER  THREAD. 


When  the  temperature  of  a  portion  of  a  thermometer  stem  with  its  mercury  thread  difien 
much  from  that  of  the  bulb,  a  correction  is  necessary  to  the  observed  temperature  unless  the 
instrument  has  been  calibrated  for  the  experimental  conditions.  This  stem  correction  is  pro- 
portional to  n$(T  —  Oy  where  n  is  the  number  of  degrees  in  the  exposed  stem,  fi  the  apparent 
coefficient  of  expansion  of  mercury  in  the  glass,  T  the  measured  temperature,  and  t  the  mean 
temperature  of  the  exposed  stem.  For  temperatures  up  to  100^  C,  the  value  of  /?  is  for  Jena 
16^  or  Greiner  and  Friedrich  resistance  glass,  0.000159,  ^^^  J^^^  59™»  0.000164.,  ^nd  whoi  of 
unknown  composition  it  is  best  to  use  a  value  of  about  0.000155.  The  formula  requires  a  knowl- 
edge of  the  temperature  of  the  emergent  stem.  This  may  be  approximated  in  one  of  three  ways: 
(i)  by  a  "fadenthermometer"  (see  Buckingham,  Bulletin  Bureau  of  Standards,  8,  p.  239, 191a); 
(2)  by  exploring  the  temperature  distribution  of  the  stem  and  calculating  its  mean  tempera- 
ture; and  (3)  by  suspendmg  along  the  side  of,  or  attaching  to  the  stem,  a  single  thermometer. 
Table  192  is  taken  from  the  Smithsonian  Meteorological  Tables,  Tables  193-195  from  Rimbach, 
Z.  f.  Instrumentenkunde,  lo^  p.  153,  1890,  and  apply  to  thermometers  of  Jena  or  resistance 
glass. 

TABliS  191.  —  Stem  Correctbn  for  Centtgrade  Thermometers. 

Values  of  o.oooissn(T  —  0. 


n 

(T- 

-/). 

xo" 

20» 

30* 

40- 

SO* 

6o» 

70* 

8o* 

lo'C 

0.02 

0.03 

0.05 

0.06 

0.08 

0.09 

O.II 

0.12 

20 

0.03 

0.06 

0.09 

0.12 

0.16 

0.19 

0.22 

0.25     , 

30 

0.05 

0.09 

0.14 

0.19 

0.23 

0.28 

0.33 

0.37 

40 

0.06 

0.12 

0.19 

0.25 

0.31 

0.37 

0.43 

0.50 

so 

0.08 

0.16 

0.23 

0.31 

0.39 

0.46 

0.54 

0.62 

60 

0.09 

0.19 

0.28 

0.37 

0.46 

0.56 

0.65 

0.74 

70 

O.II 

0.22 

0.33 

0.43 

0.54 

0.65 

0.76 

0.87 

80 

0.12 

0.25 

0.37 

0.50 

0.62 

0.74 

0.87 

0.99 

90 

0.14 

0.28 

0.42 

0.56 

0.70 

0.84 

0.98 

1. 12 

100 

0.16 

0.31 

0.46 

0.62 

0.78 

0.93 

1.08 

1.24 

TABLE  193.  — Stem  Correctbn  for  Thermometer  of  jfena  Glaas  (0^  to  360^  C). 

Degree  length  0.9  to  i.i  mm;  t  -  the  observed  temperatiure;  t'  -  that  of  the  surroimding  air 
I  dm.  away;  n  >-  the  length  of  the  exposed  thread. 


Correction  to  be  added  to  the  reading  t.                                                          1 

n 

t-f 

.     1 

70* 

So\ 

go- 

xoo- 

lao* 

140* 

i6o- 

x8o' 

200- 

220  •    1 

10 

o.oi 

o.oi 

0.03 

0.04 

0.07 

o.io 

0.13 

0.17 

0.19 

0.21 

20 

0.08 

0.12 

0.14 

0.19 

0.25 

0.28 

0.32 

0.40 

0.49 

0.54 

30 

0.25 

0.28 

0.32 

0.36 

0.42 

0.48 

0.54 

0.66 

0.78 

0.87 

40 

0.30 

0.35 

0.41 

0.48 

0.60 

0.67 

0.77 

0.92 

1.08 

1.20 

50 

0.41 

0.46 

0.52 

0-59 

0.79 

0.89 

0.98 

1. 16 

1.38 

1-53 

60 

0.52 

0.60 

0.68 

0.79 

0.99 

I. II 

1.23 

1.46 

1.70 

1.87 

70 

0.63 

0.74 

0.85 

0.98 

1.20 

132 

1-45 

1.70 

1.99 

2.21 

80 

0.7s 

0.87 

1. 01 

1.15 

1.38 

1-53 

1.70 

1.98 

2.29 

2.54 

90 

0.87 

0.99 

1. 13 

1.28 

1.62 

1.82 

1.94 

2.25 

2.60 

2.89 

100 

0.98 

1. 12 

1.29 

1.47 

1.82 

2.03 

2.20 

2.5s 

2.92 

3- 24 

120 

— 

— 

i.88 

2.28 

2.49 

2.68 

3.13 

3S9 

396 

140 

^— 

— — 

— — 

2-75 

2.97 

3.22 

3-75 

4.24 

4.69 

160 

— 

^^ 

— ^ 

3-35 

3.80 

4.3s 

4.92 

S-45 

180 



— — 

^— 

— — 

— — 

4.37 

4.99 

S.63 

6.22 

200 

— 

— 

— — 

— — 

— 

— 

5.68 

6.34 

6.98 

220 

1 

( 

7.05 

7.82 
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Tables  194, 196.  1 9 1 

CORRECTION   FOR  TEMPERATURE  OF   MERCURY  IN   THERMOMETER 

STEM    {couii$mtd). 

TABLE  194.  —  Stm  Oomottal  for  Tbtmuniettr  of  Jau  Glass  (0°>360<>  0). 
Degree  length  i  to  i.6  mm.;  /  =  the  observed  temperature;  /'=that  of  the  surrounding  air 


one 

dm.  away ;  u  = 

:  the  length  of  the  exposed  thread. 

Correction  to  bb 

A.DDBD  TO  ThHRMOMBTBR  RbAOIMG.* 

n 

70° 

80° 

90° 

100° 

iao° 

140° 

160° 

180° 

300° 

220° 

n 

10* 

ao2 

0.03 

0.05 

0.07 

0.1 1 

0.17 

0.21 

0.27 

0.33 

0.38 

10" 

20 

0.13 

0.15 
0.28 

0.18 

0.22 

a29 

0.38 

0.46 

0.53 
0.78 

0.61 

0.07 

20 

30 

0.24 

0.33 

0.39 

0.48 

0.59 

0.70 

0.88 

0.97 

30 

40 

0.35 

0.41 

0.48 

0.56 

0.68 

0.82 

0.94 

1.04 

1. 16 

1.28 

40 

50 

0^7 

0.53 
0.06 

0.62 

0.72 

0.88 

1.03 

I.17 

'•3i 

1.44 

I.S9 

50 

6o 

0.69 

0.77 

0.89 

1.09 

1.25 

1.42 

1.58 
1.86 

1.74 

1.90 

60 

Z° 

0.79 

0.92 

1.06 

1.30 

1.47 

1.67 

2.04 

2.23 

70 

So- 

0.80 

0.91 

1.05 

I.2I 

1.52 

1.71 

1.94 

2.15 

2.33 

2.55 

80 

so 

0.91 

1.04 

1. 19 

1.38 

1-73 

1.96 

2.20 

2.42 

2.64 

2.89 

90 

lOO 

1.02 

I.18 

1-35 

1.56 

1.97 

2.18 

2.45 

2.70 

2.94 

3-23 

100 

no 

- 

— 

- 

1.78 

2.19 

2.43 

2.70 

2.98  . 

3.26 

3-57 

no  . 

I20 

— 

— 

— 

1.98 

2.43 

2.69 

2.95 

3.26 

3.5« 

392 

120 

130 

- 

- 

— 

- 

2.68 

2.94 

3.20 

% 

3.89 

4.28 

130 

140 

— 

- 

— 

— 

2.92 

3.22 

3-47 

4.22 

4.64 

140 

\t 

— 

- 

— 

- 

— 

— 

374 

4.15 
4.46 

4.56 

5.01 

\t 

"" 

^ 

^ 

^ 

^ 

"■ 

4.00 

4.90 

5-39 

170 

-. 

— 

• 

— 

— 

— 

4-27 

4.76 

5.24 

577 

170 

180 

— 

- 

— 

— 

- 

- 

4.54 

r^ 

5-59 

6.15 

180 

190 

— 

— 

— 

— 

— 

— 

— 

6.30 

6.54 

190 

200 

^ 

"" 

~ 

^ 

^ 

~ 

~ 

5.70 

6.94 

200 

210 

— 

— 

~ 

— 

-. 

— 

— 

— 

6.68 

7-35 

210 

-220 

7.04 

775 

220 

See  Hovestadt*!  "  Jena  Glass"  (translated  by  J.  D.  and  A.  Everett)  for  data  on  changes  of  ihermometer  zeros. 


TABLB  196.  —Stall  Oonrasttoa  for  a  ao-oalltd  Vomal  niaimMaatar  of  Jana  Olass  (0°-100°  0). 

Divided  into  tenth  degrees ;  degree  length  about  4  mm. 


• 

CORKBCnON  TO  BB 

AODBO  TO  THB  RBia>ING  t. 

• 

t  — 

i^ 

IS 

30° 

35° 

40° 

46° 

60° 

66° 

60° 

66° 

70° 

76° 

80° 

86° 

10 
20 

ao4 
0.12 

ao4 
ai2 

0.05 
0.13 

0.05 
0.14 

0.05 
0.15 

0.06 
0.16 

0.06 
0.17 

0.07 
0.18 

0.08 
0.19 

0.09 
0.20 

O.IO 

0.22 

O.IO 

0.23 

.30 
40 

0.21 
0.28 
0.36 
0.45 

0.22 
0.29 
0.38 
0.48 

0.23 
0.31 
0.40 
0.51 

0.24 

0.33 
042 

0.53 

0.25 

0.35 
0.44 

0-55 

0.25 

0.37 
0.46 

al6 

0.27 

0.39 
0.48 
0.60 
0.69 
0.76 

0.29 
0.41 
0.50 
0.63 
0.71 
0.81 

0.31 
0.43 

IM 

0.75 
a87 

0.33 
0.45 

0.57 

0.69 

0.81 

0.93 
1.06 

1.18 

0.35 
0.48 
0.61 

073 
0.87 

1.00 

0.37 

0.51 

0.65 

0.78 

0.92 
1.06 

90 
100 

- 

— 

- 

- 

- 

— 

- 

0.92 

0.99 
1. 10 

1. 13 
1.26 

1.20 
1-34 
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Tables  196-199. 

THERMOMETERS. 

TABLE  196. ^Oaa  and  Mttowy  TlMnuflMtan. 


If  /hi  /*»!  A)osi  h^  «69i  ^T»  are  temperatures  measured  with  the  hydrogen,  nitrogen,  carbonic  acid, 

16"*,  59"*,  and  **  verre  dur  *'  (Tonnelot),  respectively,  then 

(100 — /)/  r         ^  o       . 
/h  —  /t  =  —{^ —  I—  0.61859  +  aoo4735i ./ — o.ooooi  1 577./*]* 

/k— /t=      i^~^  [—ass54i  + 0.004824a/— o.oooo248o7./«]* 

/co»—  /t  =  ^^QQ~^)^  [—0.33386+0.0039910./—  o.ooooi6678./»]* 
100* 

/h — /!•  =  <'QQ-~^)^  [—  0.67039 + 0.0047351 ./ — 0.00001 1 S77-^]t 
100* 

/h  — /6»==  ^^°Q~/)^  [—0.31089  + 0.0047351./— aooooii577i«]t 
100* 

*  Chappais ;  Trav.  eC  M^m.  du  Bur.  internat.  des  Poids  tt  Mes.  6,  1888. 

t  Thiesen,  Scbeel,  Sell ;  Wiu.  Abh.  d.  Phya.  Techn.  Reichanstait,  2, 1895;  Scbeel;  Wied.  Ann.  58, 1896:  Dw  Mecli. 
Ztg.  1897. 


TABLE  197.   tti-t|«    (S^dlOgn- 

-w™). 

oo 

lO 

ao 

3° 

4° 

5** 

60 

7° 

•go 

^ 

o<> 

.000** 

—.007** 

— .oi3<> 

—.019° 

— .025** 

— .031^ 

— .080       — 

.042*> 

—.047° 

1 

10 

—.056 

— .061 

— .065 

—  .069 

—.073 

—.077 

.084 

-.087 

—.090 

20 

—093 

—.096 

-.098 

— .101 

-.103 

— .105 

—.107       — 

.109 

— .110 

—.112   1 

30 

—•"3 

— .114 

• — .115     — .ri6 

— .117    ]   — .118 

— .119       — 

.119 

—.119 

— .J20 

40 

— .120 

— .120 

— .120     — ^.120 

—.119 

— .119 

— .118       — 

118 

—.117 

— ^.116 

^ 

— .116 

—.115 

—.114     —.113 

— .rii 

— .110 

— .109       — . 

107 

—.106 

—.104  I 

—.103 

— .101 

—.099     —.097 

—.096 

—.094 

— .092       — 

090 

-.087 

—.085 

r 

-.083 
— .058 

—.081 

— .078     — .076 

—.074 

—.071 

— .069       — . 

066 

-.064 

—.061 

80 

— .056 

—.051     —.050 

—.048 

—.045 

— .042       — 

039 

—.036 

—•033 

90 

—.030 

— .027 

—.024 

—.021 

—.018 

—.015 

—.012       — 

.009 

— .006 

—.003 

100 

.000 

• 

TABLE  198.   ta-lai    (Brdrogm- 

-  6g»n). 

<p 

lO 

ao 

s** 

4<» 

5° 
—.014** 

6° 

7^^ 

8° 

9« 

0« 

.000° 

— .oo3« 

— .006** 

—.009° 

—.Oil® 

— .oi6*» 

— .oi8*> 

—.020® 

—.022** 

10 

— .cf24 

— .025 

—.036 

— .027 

—.028 

—.030 

—.031 

—.032 

— •°33 

—.038 

—.034 

— x>3S 

20 

—.035 
—.038 

—.036 

—037 

—  037 

—.037 

-^.038 

—.038 

— ^3S 

30 

—•037 

—.037 

—.037 

—.037       —.036 

—.036 

— .03^ 
—.028 

-.035 

—  034 

40 

—.034 

—033 

—.032 

—.032 

—.031    1    —.030 

—.029 

—.028 

—.027 

5° 

— .026 

— .025 

— .024 

—.023 

— .022       — .021 

— .020 

— .019 

—.018 

— .017 

60 

—.016 

—.015 

— ^.000 

—.014 

— .013       — .012 

— .oil 

— .010 

— .009 

—.008 

70 

—.008 

— .007 

—.005 

— .005    1   — .004 

—.003 

—.003 

— .002 

— .001 

80 

— .001 

— .001 

.000 

.000 

+  .001    1    +.001 

+.001 

+.002 

+.002 

+.002 

90 

+.002 

+.002 

+.002 

+,002 

+.002       +.002 

+.001 

+.001 

+.001 

.000 

100 

.000 

• 

' 

TABLE  199.   (Hydrofftn  — 16'"\  (Hydngwi— 69<"). 


-5° 

— loO 

+0.13** 
+0.07** 

-aoo 

+0.19** 
+O.IO« 

-»5° 
+0.25« 

+0.14** 

-30P 

-35« 

tH  —  tie 
tn  —  t69 

+0.04** 

+0.02** 

+0.08° 
+0.04** 

+0.32*' 
+0.180 

+0.40° 
+O.23O 

All  compiled  from  Landolt-B5mstein-Meyerhoffer*s  Physikaliscb^hemiscbe  Tabellen. 
Smithsonian  Tables. 


Tmlk«200,  201. 
AIR  AND  MERCURY  THERMOMETERS. 

TAaLBIOO.    Uii-U    CAlT-lfltu.) 


"C. 

oo 

.. 

.0 

f 

4° 

S" 

.. 

/■ 

IP 

9° 

1        o 

.000 

—.006 

—.012 

—.017 

-.023 

—.027 

—.032 

—■037 

—.041 

— -045 

—.049 

zai 

=:a 

— x)6i 

—.071 

—■074 

—.077 

-/>8i 

=a 

—.097 

—.099 

—.103 

—.104 

— .:o6 

—.10; 

—.109 

40 

—.109 

—.109 

K 

-.107 
—.096 

—.107 

—.104 

-.086 

—084 

-.082 

—.So 

70 

-.078 

—.076'  —.074 

—.072 

-.065 

—.062 

—.057 

—.054  1  —.052  ,   -.049 

— -044 

—.041 

—.039 

—■034 

— .031 

90 

— .028     — .025     — .023 

—.020 

—.017 

—.014 

—.003 

100 

,™!  H 

K006:  +.008    + 

OTT 

l-on 

+.019 

"       22 

h.025 

\'^ 

h.02g 

■.030!   ■ 

h.033     +-°35     + 

a; 

t:-^; 

t'Ji 

tiM 

18 

(-.050 

,078 

+.080 

081 

■.0B3 

■.0S4  '    +.086 

J7 

-.089 

HO 

■.096     +*96 

f? 

X 

-.0» 

..098  1    - 

.098 

+■099 

099 

-.099  ■ 

I-.062 

. 

;-si 

■:^1^ 

t-^ 

l:-;^ 

S!l 

I-.090 

I'S 

;i 

■ 

..059  ■ 

■.OS2 

+.048 

■.041 ,  ■ 

190 

H 

h.o.9 

^ 

h.009 

—.007 

-.013 

—.019 

—.0*5 

— .03t 

2O0 

-^3» 

— -045 

—.051 

-.058 

066 

—.073 

-.080 

-.088 

-t. 

=:;a 

-iS 

—,2:9 

-.210 

—.241 

2112 

-.264 

—.275 

-.287 

—.300 

—.312 

130 

-:S. 

-.16S 

178 

—.421 

—.450 

240 

—.650]   —£68     — !687 

V!U 

—  579 

=7'« 

^S 

—.632 

--» 

9" 

—■933 

-.978 

—1.025 

-1.096. -I.1!I 

=;:§s 

-i:S:8 

=i;g  r;a 

_ 

412 

—1.440 

-\'*% 

z]:^ 

=;:^S 

-\:it 

30a 

-1.90S 

___ 



n  of  BUadirdi  nlatin  to  um  of  thamomatrai  uid  th*  t 
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°c. 

r 

.0 

.0 

if 

4" 

"    ^ 

6= 

7° 

^ 

9" 

'30 
140 

IS 

;£ 

190 

004 
008 
013 

:;? 

■039 

E 

004 
008 
013 
029 
040 

°S3 

—.005 
-.009 
—.014 
—.021 
-030 
—.041 
-.055 



z 

ooj 

009 

01  s 
031 

--03^ 
—■044 

—■057 

—.016 
—.023 
—■033 
-.045 
-.059 

— !oi6 

E3 

—.060 

— -003 

—xxyj 

-.or? 
-■025 
—.035 

- 

000 

004 
007 

018 
026 
037 
049 
064 

— .ocg 

•■iTHtoHikH  Tab 
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Tables  202*204. 


QA8,   MERCURY,  ALCOHOL,  TOLUOL,  PETROLETHER,  PENTANE, 

THERMOMETERS. 

TABLB  201.— tB— tx  (EydrOfftB-Mttoiiiy). 


Temper- 
ature, C. 

Thuringer 
Glass.^ 

Verre  dur. 
Tonnelott 

Resistance 
Glass.* 

English 
Crystal 
Glass.* 

Choisy-le- 
Roi.* 

laa"*.* 

Nitrogen 

Thermometer. 

TH-T».t 

CO,  Tber-  ' 
mometer. 
Th— T(»,.t 

0 

o 

0 

0 

0 

0 

0 

0 

0  . 

0 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000    i 

10 
20 

—.075 

— .o«;2 
— .0S5 

—.066 
—.108 

—.008 
— .001 

— .007 
— .004 

—  005 
— .006 

— .006 
—  010 

—.025 
-.043 

30 

— .102 

-•131 

-f.017 

+.004 

— .002 

— .oil 

—.054 

40 

— .i& 

—.107 

— .140 

+•037 

+.014 

+  .001 

— .oil 

—.059 

?^ 

—.166 

—.103 

— »35 

+.057 

+.025 

+.004 

—.009 

—.059 

-.150 

— .090 

—.119 

■f-073 

+.033 

+.008 

—.005. 

-053 

70 

—.124 

—.072 

-^ 

+.079 

+.037 

-f.009 

— .001 

—.044 

80 

—.088 

— -050 

+.070 

+.032 

+  ■007 

+.002 

—.031 

90 

—.047 

— .026 

—.034 

+.046 

-f  .022 

+.006 

+  .003 

— x)i6 

100 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.coo 

*  SchliiMer,  Zt.  Initzkde.  ai,  1901. 


t  Chappuis,  Trav.  et  m^.  du  Bur.  -Intern,  des  Poids  et  Mes.  t,  1888. 


TABLB  203.  — OonpailiOB  of  Air  and  Blgt  Tmptrtton  Mttowy 

Comparison  of  the  air  thermometer  with  the  high  temperature  mercury  thermometer,  filled 

pressure  and  made  of  59^  glass. 


Air. 

59™. 

1              Air. 

59™. 

0 

0 

0 

0 

0 

0. 

375 

385.4 

100 

100. 

400 

412-3 

200 

200.4 

425 

440.7 

300 

304.1 

450 

460.1 
498.0 

325 

3309 

3581 

475 

350 

500 

527-8 

Mahike,  Wied.  Ann.  1894. 


TABLB  S04.  — OoHpailMU  of  Hydrogwi  and  Otker  TliefmoautaiB. 

Comparison  of  the  hydrogen  thermometer  with  the  toluol,  alcohol,  petrolether,  and  pentane  ther- 
mometers (verre  dur). 


Hydrogen. 

Toluol  .• 

Alcohol  I.* 

Alcohol  II.« 

Petrolether.t 

Pentaiie4 

0 

0 

0 

0 

0 

0 

0 

0.00 

0.00 

aoo 

- 

0.00 

— 10 
— 20 

-8.54 
— 16.90 

—9.31 
—18.45 

—0.44 
—18.71 

_ 

-9.03 
—17.87 

—30 

—25.10 

—27.44 

-27.84 

— 

—26.55 

—40 

—33- >  5 
— ^41.01 

—36.30 

-36.84 

- 

—35-04 

—70 
— 100 

—4505 

—45-74 

—42.6 

—43-36 

—48.90 
—56.63 

—53.71 
—62.31 

-54-55 
—63.31 

—80.2 

—51.50 
■"59-46 
—82.28 

—150 

— 

- 

- 

— II3.0 

—116.87 

—200 

"■ 

" 

—140.7 

—146.84 

*  Chappuis,  Arch.  sc.  phys.  (3)  18, 1892.  t  Holborn,  Ann.  d.  Phys.  (4)  6,  1901.  t  Rothe,  onpubtished. 

All  compiled  from  LandoU-B5rastein-Meyerhoffer*s  Phystkalisch-chemiaohe  Tabellen. 
Smithsonian  Tables. 


TABLK8  205-207. 

TABLE  206.— Plfttinnm  Boiiit&noe  Thermometeri. 
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Callendar  has  shown  that  if  we  define  the  platinum  temperature,  Jpt,  by  pt  ss  ioo-{  (R  —  Ro) 
/(Rioo — Ro)  } .  where  R  is  the  observed  resistance  at  t^  C,  Ro  that  at  O®,  Rioo  at  loo^  then  the  re- 
lation between  the  platinum  temperature  and  the  temperature  t  on  the  scsde  of  the  ^as  thermo- 
meter is  represented  byt  —  pt=^9-{  t/ioo  —  i  }•  t/ioo  where  S is  a  constant  for  any  given  sample 
of  platinum  and  about  1.50  for  pure  platinum  (impure  platinum  having  higher  values).  This  holds 
good  between  —  23^  and  450P  when  I  has  been  determmed  by  the  boiling  point  of  sulphur  (445^.) 

See  Waidner  and  Burgess,  Bui.  Bureau  Standards,  6,  p.  149,  1909.  Also  Bureau  reprints  114, 
143  and  149. 

TABLE  806.«>Thenaod7namio  Tsmp^ratnrs  of  the  loe  Point,  and  Bodnotlon  to 

Thermodynamlo  Scale. 

Mean  =  273.13**  C.  (ice  point). 

For  a  discussion  of  the  various  values  and  for  the  corrections  of  the  various  gas  thermometers  to 
the  thermodynamic  scale  see  Buckingham,  Bull.  Bureau  Standards,  3,  p.  237,  1907. 

Seals  OoRtetlaBB  for  Gas  TkanBamsttn. 


• 

remp. 

Constant  pressure  -.  76  cm. 

Constant  volume  60= 

=  373.10  c. 

c. 

He 

H 

N 

He           H 

N 

— 250<' 

_ 

_ 

_ 

+ao2        — 

__ 

—200 

+0.10 

+0.26 

— 

+0.01    -fo.o6 

— 

— 100 

+  .03 

+0.03       +0.33 

.000  4-  •014 

-1-0.07 

—  so 

+  .009 

■f  0.004     -f  .09 

.000  -|-  -004 

-|-   .02 

-  25 

—  .002 

—  .002     - 

-  .013 

.000           .000 

—  .006 

■  so 

—  .002 

—  .003     - 

-  .017 

.000           .000 

—  .006 

-  75 

—  .002 

—  .002      - 

-  .012 

.000       .000 

—  .004 

-150 

I-200 

--   .005 
--   .01 

f  -003    - 

+   .01 

-  .04 

-  .10 

.000  4-  .001 
.000  +  .002 

--   .01 

+  .04 

-450 

-.   .07 

+  .04    - 

-  -SO 

0.00     +  .01 

+  .15 

l-iooo 

--   .24 

+  .01 

-17 

—    +0.04 

+  .70 

1-1500 

h3o 

+»-3 

Set  Borgess,  The  Present  Sutus  of  the  Temperature  Scale,  Chemical  News,  107,  p.  169,  1913. 


TABLE  SOT.^Standard  Points  for  tho  Calibration  of  Thormomoters. 


• 

Atmos- 

Temperatures.                 1 1 

J^lltMfaVMW 

Point. 

CniciblA. 

phere. 

Nitrogen  Scale. 

OC 

oc. 

Water 

boiling,  760  mm. 

air 

- 

100.00 

100.00 

Naphthalene 

M                  M             «( 

ti 

- 

218.0 

218.0 

Benzopbenone 

U                  <l             M 

- 

- 

305^5: 

-0.1 

3059 

Cadmium 

melting  or  solidify. 

air 

graphite 

320.8  - 

-0.2 

320.9 

Zinc 

i«        «i       1* 

II 

II 

419-3   d 

=  0.3 

419.4 

Sulphur 

boiling,  760  mm. 

- 

— 

444-45  = 

-0.1 

444.55 

Antimony 

melting  or  solidify. 

CO, 

graphite 

629.8  - 

itl 

630.0 

Aluminum 

solidification 

«< 

II 

6|8.5  I 

658.7 

Silver 

melting  or  solidify. 

II 

II 

itl 

Gold 

M               <«              <l 

i( 

«< 

1062.4  - 

Copper 
LiaSiOs 

t(               M              « 

u 

II 

io8?.6  I 

:o.8 

melting 

air 

platinum 

X  201.0  - 

- 1.0 

Diopside,  pure 
Nickel 

i« 

II 

II 

1391-2   = 

=  1-5 

melting  or  solidify. 

HandN 

magnesia  and 

1452.3  : 

-2.0 

• 

Mg.  aluminate 

Cobalt 

U                II               l< 

fi 

magnesia 

1489.8   - 

-2.0 

Palladium 

II            «           u 

air 

u 

15492  z 

-2.0 

Anorthite,  pure 

melting 

« 

platinum 

"S49-5  = 

:.2.0 

Platinum 

i< 

u 

»752-     : 
1755.     : 

b 

•  Thermoelectric  extrapolation,     t  Optical  extrapolation. 
(Day  and  Sosman,  Journal  de  Physique.   19 12.     Mesure  des  temperatures  61ev*es.)     A  few  addi- 
tional points  are:    H,  boils  — asa.?';  O,  boils — 183.9';  CO,  sublimes  — 78.5 •;  Hg.  freezes— 37.7' *• 
Alumina  melts  aooo';  Tungsten  melts  3400*. 

Smithsonian  Taslcs. 


196  Tables  208-209. 

TABLB  808.— Standard  OtUtoattol  Ovm  for  Pt— Ft.  Rli.  (10%  Vk.)  ThumyVtmmt 

Giving  the  temperature  for  every  too  microvolts.  Fox  use  in  coiyunction  with  a  deviation  curve  determined  by  cafi- 
bfation  of  the  particular  elonent  at  some  of  the  following  fixed  points: 


Water 

boiling-pt. 

X00.0 

643mv. 

Silver 

melting-pt. 

060.2 

9iximv 

Napthalene 

2x7.95 

158s 
X706 

Gold 

It 

44 

1062.6 

X0296 

Tin 

melting-pt. 

231-9 

Copper 

it 

ft 

1082.8 

XOS34 

Benz(^henone 

boiling-pt. 

305.9 

2365 

Li,Si^ 

Diopside 

Nickd 

M 

M 

X201. 

XI94X 

Cadmium 

melting-pt. 

320.9 

2503 

M 

tt 

I39X.S 

14230 

Zinc 

X                  « 

4x9-4 

3430 

M 

tt 

X4S2.6 

X4973 

Sulphur 

boiling-pt. 

444-55 

3672 

Antimony 

melting-pt. 

630.0 

5530 

Palladium 

« 

tt 

X549.S 

X6144 

Alimiinum 

<i        <i 

658.7 

5827 

Platinum 

«l 

«l 

X7S5. 

X8608 

E 
micro- 

1 

0 

1 

XOOO. 

2000. 

3000. 

4000. 

5000.. 

6000. 

7000. 

8000. 

9000.    * 

E 

micro- 

volts. 

1                                                      Tkuperatuses,   oc. 

■ 

volts. 

0. 

0. 

i    0.0 

X47-X 

265-4      374.3  1  478.1 

578.3 

675.3 

ai 

861.X 

950.4 

xoo. 

i      X7.8 

X59.7 

276.6       384.9 

488.3 

588.x 

684.8 

870.x 

959-2 

xoo. 

200. 

34.5 

172. X 

287.7 

395-4 

498.4 

5979 

694.3 

788.0 

8791 

968.0 

200.    1 

300.    1 

50.3 

184.3 

298.7 

405.9 

508.S 

607.7 

703.8 

797.2 

888.x 

976.7 

1    30a 

400. 

65.4 

X96.S 

3O0.7 

4x6.3 

5x8.6 

617.4 

713-3 

806.4 

897.x 

985.4 

'    400. 

500. 

1     80.0 

aoS.x 

320.6 

426.7 

528.6 

627.x 

722.7 

8x5.6 

906.x 

994.1 

500. 

600. 

94.1 

2x9.7 

33X.S 

437-1 

538-6 

636.8 

732.x 

824.7 

9x5.0 

X002.8    ' 

,    600.    • 

700. 

X07.8 

23  X.  2 

342.3 

447-4 

548.6 

646.5 

741.5 

833.8 

923.9 
932.8 

XOXX.5 

700. 

800. 

X2I.2 

242.7 

353.0 

457.7 

558.5 

656.1 

750.9 

842.9 

XO20.X 

1    800. 

900. 

'   X34.3 

254.1 

363.7 

467.9 

568.4 

665.7 

760.3 

852.0 

941-6 

X028.7 

900.    . 

xooo. 

X47.I 

265.4 

374.3 

478.x 

578.3 

6753 

769.5 

861.X 

950.4 

1037.3 

1  xooo.   1 

1 

E      1 
micro- 

r  loooo. 

I  xooo. 

X2000. 

X3000.    '    X4000.        X5000.        x6ooo.        X7000. 

1                              1 

x8ooo.    . 

1    £ 

1  micro- 

1 

\ 

volts. 

Teitperatures,  ^C. 

1  volts. 

0. 

1   X037.3 

XX23.2 

X205.9 

X  289.3 

X372.4 

1454.8 

1537.5 

X620.9 

X704.3    1 

0. 

xoo. 

X045.9 

XX30.6 

X3X4.2 

X297.7 

X380.7 

X463.0 

1545-8 

X629.2 

X7X2.6    ' 

xoo. 

200. 

X054.4 

1x39.0 

X222.6 

X306.0 

X389.0 

X47I.2 

1554.1 

X637.6 

X72X.O     I 

1    3oa 

300. 

1    xo6a.9 

XX47.4 

X230.9 

X3X4.3 

X397.3 

X479.4 

I562.A 

X570.8 

1645-9 

X  7  29-3 

30a 

400. 

1     107  X.4 

XXS5.8 

X  239.3 

X322.6 

X405.6 

X487.7 

1654.3 

X737.7    B    400.    i| 

50a 

;si!-; 

'  XX64.2 

X247.6 

X330.9 

I4I3-8 

X496.0 

1579.1 

X662.6 

1746.0   1 

50a 

600. 

XX72.S 

X25S-9 

1339.2 

X422,0 

X504.3 

1587.S 
1595.8 

x67a9 

X  754.3 

60a 

700. 

I  X096.9 

X  180.9 

X  264.3 
X272.6 

X347.5 

X430.2 

X5I2.6 

*52^-^ 

70a 

800. 

XXOS.4 

XX89.2 

1355-8 

X446.6 

X520.9 

X604.2 

1687.6 

80a 

900. 

XII3-8 

XX97.6 

X28I.O 

X364.1 

X529.2 

X612.5 

X696.0 

900.   1 

xooo. 

XI22.2 

X20S.9 

X289.3 

X372.4 

1454-8 

1537.5 

X620.9 

X704.3 

h^\ 

TABLE  909. —Standard  Oalltoatloii  Ovm  for  Ocvpar— OonitamtaB  Thanao-BlMMat 

For  use  in  conjunction  with  a  deviation  curve  determined  by  the  calibration  of  the  particular  element  at  some  of  the 
following  fixed  points: 

Water,  boiling-point,  xoo^,  4276  microvolts;  Napthalene,  boiling-point.  2x7.95. 10248  mv.;  Tin,  melting-point,  23X.9, 
XX009  mv.;  Benxophenone,  boiling-point,  305.9,  X5203  mv.;  Cadmium,  melting-point,  32o.o>  16083  mv. 


E. 
micro- 

0 

xooo. 

2000. 

300a         4000. 

5000. 

6000. 

7000. 

8000. 

9000. 

E 

micro- 

1 

volts- 

Temperatures,  oC. 

I  volts. 

0. 

aoo 

25.27 

49.20 

72.08 

94.07 

1x5.31 

X35.9X 

155.95 

175.50 

X94.62 

0. 

xoo. 

>     2.60 

27.72 

51-53 

74-3X 

96.23 

XX7.40 

137.94 

157.92 
X59-89 

177.43 

196.51    1 

xoo.    . 

200. 

S.17 

30.x  5 

5385 

76.54 

98.38 

119.48 

X39.96 

X79.36 

X98.40 

1     200.    1 

300. 

1     7.73 
X0.28 

32.57 

56.X6 

78.76 

xoo.  5  2 

X2X.56 

141.98 

X61.86 

X81.28 

200.28 

1    300.    ' 

400. 

34.98 

58.46 

80.97 

X02.66 

X  23.63 

143-99 

163.82 

X83.20 

202.  x6 

400. 
500.    , 

500. 

12.8X 

37.38 

60.76 

83.17 

X04.79 

X25.69 

146.00 

X6S.78 

X85.XX 

204.04 

600. 

15.33 

39-77 

63.04 

85.37 

X06.91 

X27.75 

X48.00 

X67.73 

187.02 

205.91    i 

1    600. 

700. 

X7.83 

42.15 

65.31 

87.56 

X09.02 

X  29.80 

X  50.00 

X69.68 

188.93 
X90.83 

207.78    ' 

I    700.    1 

800. 

!  20.32 

44-51 

67.58 

89.74 

IXX.X2 

X3I.84 

15X.99 

X7X.62 

209.64 

800.    ' 

900. 

1  22.80 

46.86 

69.83 

9T.91 

113.22 

X33.88 

XS3-97 

X73-56 

192.73 

2XX.50 

1    900. 

xooo. 

'  25.27 

49.20 

72.08   i   94.07       X  15.31 

X3S.91 

155-95 

X75.50 

X94.62 

2x3.36 

1  xooo.    1 

?  1 

micro- ' 

xoooo. 

XIOOO. 

12000. 

X3000.    1     X4000. 

15000. 

x6ooo. 

X7O0O. 

18000. 

micro- 

1 

• 

volts. 

Temperatures,  oq. 

volts. 

0. 

213.36 

231-74 
233.56 

249.82 

267.60 

285.13 

302.42 

3x9-49 

336-36 

353.09 

1 

1        0.    1 

xoo. 

2X5.3X 

251. 6x 

269.36 

286.87 

304-14 

321.19 

338.04 

xoa 

200. 

2x7.06 

235.38 

25340 

271.12 

288.6X 

305.85 

322.88 

339-72 

1    200.    1 

300. 

,    2x8.91 

237.20 

255.18 

272.88 

290.35 

307-56 

324-57 

341.40 

300.    ' 

400. 

220.75 

239.01 

256.96 

27464 

293.08 

30927 

326.26 

343-07 

400. 

500. 

1    222.59 

240.82 

258.74 

276.40 

293.8X 

3x0.98 

327.95 

344.74 

1     500.    ; 

600. 

!    224.43 

242.63 

260.52 

278.IS 

295.54 

312.69 

329.64 

346.41 

600.    < 

700. 

326.26 

244.43 

263.29 

279.90 

297.26 

314.39 

33X.32 

348.08 

700. 

800. 

228.09 

246.33 

264.06 

281.65 

298.98 

316.09 

33300 

349.75 

'     80a 

900. 

229.9a 

248.03 

265.83 

283.39 

300.70 

3x779 

334.68 

351.42 

,     ^^^ 

xooo. 

231.74 

249.82 

267.60 

285.13 

302.42  1  3x9.49  ;  336.36 

353.09 

XOOO. 

Cf.  Day  and  Sosman,  Am.  Jour.  Sci.  29,  p.  93,  32.  p.  51V ;  ibid.  R.  B.  Sosman,  30,  p.  i. 
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Taken  from  J.  S.  Ames,  L'^quiTalent  mecanique  de  la  chaleur,  Rapports  pr^sent^s  au  congr^a 

international  du  physique,  Paris,  1900. 
Reduced  to  Gram-calorie  at  20®  C.     (Nitrogen  thermometer). 


Joule      .... 

4.169  XioT  ergs. 

4,169X107  ergs. 

Rowland    .    .    . 

4.181        "     •* 

4.181       «      " 

Griffiths      .    .     . 

4.192       «     " 

4.184       "      " 

Schuster-Gannon 

4.189       "     " 

4.181       •*      " 

Callendar-Bames 

4.186       "     " 

4.178       «      " 

*  Admitting  an  error  of  i  part  per  looo  in  the  electrical  scale. 
The  mean  of  the  last  four  then  gives 
1  giam  (aO»  C)  oaloxle = 4.181  X  lO?  nci.    See  next  table, 
s  gnun  (15®  C.)  calorie  =  4. 185  X  lo'  ergs  assuming  sp.  ht.  of  water  at  20° 


=0.9990. 


TABLE  211.— •(1915.)      Beit  Value,  Electrical  and  Mechanical  Equivalents  of  Heat. 

Since  the  preparation  of  Dr.  Ames'  Paris  report,  considerable  work  has  been  done  on  the  me- 
chanical equivalent  of  heat,  including  recomputations  from  the  older  measurements  using  better 
values  for  some  of  the  electrical  relations,  etc.  Taking  all  the  available  material  into  account  the 
t?.S.  Bureau  of  Standards  has  adopted,  provisionally,  the  relation 

1  (ao^  0.)  fnBpoaloris=  4.183  Inttmational  elsotzlo  Jouloi. 

No  exact  comparison  between  the  results  of  electrical  equivalent  and  mechanical  equivalent  of 
heat  measurements  can  be  made  without  exact  knowledge  of  the  relations  between  the  interna^ 
tional  and  absolute  electrical  units.  A  recent  absolute  measurement  of  absolute  resistance  by  F. 
E.  Smith  of  the  National  Physical  Laboratory  of  England  indicates  a  difference  of  one  part  in  2000 
between  the  international  and  absolute  ohms.  Pending  the  general  acceptance  of  some  definite 
figure  for  this  relation  it  is  useless  to  fix  upon  a  single  value  to  use  for  "  J  "  better  than  about  one 
part  in  a  thousand.    The  value 

4.183  iBttmatloiud  joules = proliaUy  4.184  mesliaiiloal  jovlas. 

This  value  is  made  the  basis  of  the  following  table. 


TABLE  212. — Conversion  Factors  for  Units  of  Work. 


I  Joule  .  .  .  .  = 
I  Foot-pound  .  = 
I  Kilqeram-meter  = 
I  20°  Calorie  .  .  = 
I  British  thermal 

unit      .    .    .  = 
I  Kilowatt-hour .  = 


Joules. 


Foot-pounds. 


1.356* 
9.807* 
4.184 

^055. 

3  60000a 


o.7376t 
I 

7-233 
3.o86t 


Kilogram- 
meters. 


O.I020t 
0.1383 

1 
0.4267  t 


778.3!         I07.6t 
2  655  000.  t   367  lOO.t 


ao" 
Calories. 


British  ther- 
mal units. 


0.2390 

a324o* 

2.344* 

I 

12.2 
300. 


I 


0.0009476 
0.001285* 
0.009293* 
0.003965 

I 

34". 


Kilowatt-hours. 


0.2778X1 0-» 

o.3766Xio-«* 

2.724XIO-** 

i.i62Xio-« 

0.0002931 
I 


The  value  used  for  g  is  the  standard  value,  980.665  cm.  per  sec.  per  sec. =32.174  feet  per  sec.  per  sec. 
*Thc  values  thus  marked  vary  directly  with  '*  g." 
f  The  values  thus  marked  vary  inversely  with  "  g."    For  values  of  "  g  "  see  Tables  565-567. 

TABLE  218. — ^Value  of  the  English  and  American  Horsepower  (746  watts)  in  Local  Foot-pounds 
and  Bllogram-meters  per  Second  at  Various  Altitudes  and  Latitudes. 


Altitude. 

Kilogram-meters  per  second.               I                   Foot-pounda  per  second. 

1 

Latitude.                                 '                                Latitude. 

1 

o' 

30' 

45' 

6d' 

90- 

o" 

30- 

45- 

60' 

90- 

0    km. 
i.S  " 

3.0" 

76.275 
76.297 
76.320 

76.175 

76.197 
76.220 

76.074 
76.095 

76.119 

75.973 

75.995 
76.018 

75  873 

75.895 

75. 9« 

551.70 
551.86 
552.03 

550.97 
551.13 
551.30 

550.24 
550.41 

550.57 

• 

549-52 
549.68 

549-85 

548.79 
548.95 
549.12 

Smithsonian  Taslcs. 
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Table  114. 
MELTING  POINTS  OF  THE  CHEMICAL  ELEMENTS. 
The  metals  in  heavier  type  are  often  used  as  standards. 

The  melting  points  are  reduced  as  far  as  possible  to  a  common  (thermodynamic)  tem|>erature 
scale.  This  scale  is  defined  in  terms  of  Wien's  law,  with  Ci  taken  as  14,350,  and  on  which  the 
melting  point  of  platinum  is  1755^  C  (Nemst  and  Wartenburg,  1751;  Waidner  and  Burgess, 
1753;  Day  and  Sosman,  1755;  Holbom  and  Valentiner,  1770;  see  C.  R.  148,  p.  1177,  1909}. 
Above  1 100^  C,  the  temperatures  are  expressed  to  the  nearest  5^  C.  Temperatures  above  tlie 
platinum  point  may  be  imcertain  by  over  50*  C. 


Element 


Aluminum. 


Antimony . 

Argon 

Arsenic 

Barium.... 
Beryllium. . 
Bismuth. . . 


Boron 

Bromine. . . 
Cadmium.. 

Caesium.... 

Calcium . . . 
Carbon. . . . 
Cerium. . . . 
Chlorine. . . 

Chromium. 

Cobalt 

Copper 


Erbium 

Fluorine. . . 


Gallium. . 
Germanium 

Gold 

Helium 

Hydrogen. . 

Indium 

Iodine 


Iridium. 
Iron 


Melting 
point 

•c 


658.7 


630.0 

-188 

850 

850 

1280 

271 

2200-2500? 

-7-3 
320.9 

26 

• 

810 
(>3Soo) 

640 
-101.5 

1615 

1480 


1083  *3 


-223 


Krypton. . . 
Lanthanum 

Lead 


Lithium . . . 
Magnesium 


30.1 

958 
1063.0 

<-27I 

-259 

155 

"35 

2350? 

1530 

-169 
810? 

327*0.5 

186 
<55i 


Remarks. 


Most  samples 
give  657  or  less 
(Burgess). 


Ramsay-Tzavers. 

(Guntz.) 

Adjusted. 


Range:    320.7- 
320.9 
Range:    26.37- 

25  3 
Adjusted. 
Sublimes. 

(Olszewski.) 

Burgess-Walten- 

berg. 
Burgess-Walten- 

berg. 

Mean,    Holbom- 
Day,         Day- 
Clement. 

(Moissan-Dew- 
ar.) 


Adjusted. 


(Thiel.) 

Range:   11 2-1 15. 


Burgess-Walten- 

berg. 

(Ramsay.) 
(Muthmann- 

Weiss.) 


(Kahlbaimi.) 
(Grube)    in   clay 
crucibles,  635. 


EUenient 


Manganese. 
Mercury . . . 
Molybdenum 
Neod3rmium 

Neon 

NickeL.. 


Melting 

point 

o-C 


Remaiks. 


Niobium. . 
Nitrogen. . 
Osmium. . 

Oxygen. . . 
Palladium 


Phosphorus. 
Platinum. . 

Potassium. . 
Prsesodymium 

Radium 

Rhodium. . . 

Rubidium. . 
Ruthenium. 
Samarium. . 
Scandium. . 
Selenium. . . 

Silicon 

Silver 

Sodium 

Strontium. . 


Sulphur. 


1230 

-38.87 

2535 
840? 

-253? 

1452 

1700? 

—211 

About  2700 

-218 
1549  *  5 


Tantalum. 


Tellurium. 
Thallium,. 
Thorium. . 

Tin 

Titanium . 
Tungsten . 


Uranium... 
Vanadium. . 

Xenon 

Ytterbium . 
Yttrium . . . 

Zinc 

Zirconium. . 


44.2 

1755  *  5 
62.3 

940 

700 

1950 

38 

2450? 

1300-1400 

? 

217-220 

1420 

960.5 

97-5 

Si  112. 8 
Sii  119. 2 
Siii  106.8 

2900 


452 

302 
>i7oo 
<Mo 


231.9  :*. 

1795 
3400 


<i850 
1720 
—140 

1490 

419-4 
1700? 


.2 


B  urgess- Wal  tenberg. 

Mendenhall-Fors3rthe 
(Muthmann-Wdss.) 

Day,    Sosman,    Bur- 
gess, Waltenberg. 

(Fischer-Alt.) 
(Waidner-Burgess, 
unpublished.) 

(Waidner-Burgess, 
Nemst- Wartenbm^;, 
Day  and  Sosman.) 


See  Note. 

(Muthmann-Weiss.) 

CMendenhall-Inger- 
soU.) 


(Muthmann-Weiss.) 


Adjusted. 
Adjusted. 

Between  Ca  and  Ba? 

Various  Forms.    See 

Landolt-Bdmstein. 


Adjusted  from  Waid- 
ner-Burgess -(  2910. 

Adjusted. 

V.  Wartenburg. 


Burgess- Waltenbeig. 
Adjusted. 


Moissan. 

Burgess- Waltenberg. 

Ramsay. 


Troost. 


Smithsonian  Tables. 
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BOILING-POINTS  OF  THE  CHEMICAL  ELEMENTS. 

Boiling- 

» 

Element. 

Range. 

point. 

•c 

Observer;  Remarks. 

Aluminum 

0 

0 
1800. 

Greenwood,  Ch.  News,  lOO,  1909. 

Antimony 

— 

1440. 

I*            t*        <•        <i        «( 

Argon 

- 

—186.1 

Ramsay-Travers,  Z.  Phys.  Ch.  2!8,  1901. 

Arsenic 

449-450 

1          — 

Gray,  sublimes,  Conech5^. 

*i 

:  >36o. 

Black,  sublimes.  Engel,  C.  R.  96.  1883. 

*t 

280-310 

— 

Yellow,  sublimes. 

Barium 

— 

- 

Boils  in  vacuo,  Guntz,  1903. 
Barus,  1894 ;  Greenwood,  1.  c. 

Bismuth 

1420-1435 

1430. 

Boron 

— 

— 

Volatilizes  without  melting  in  electric  arc. 

Bromine 

5^3 

61. 1 

Thorpe.  1880;  van  der  Plaats,  1886. 

Cadmium 

778. 

Berthelot,  1902. 

Cesium 

- 

670. 

Ruff-Johannsen. 

Carbon 

- 

3600. 

Conputed,  VioUe,  C.  R.  120,  1895. 

u 

^ 

1 

1 

Volatilizes  without  melting  in  electric  oven. 
Moisson. 

Chlorine 

- 

—33 '6 

Regnault.  1863. 

Chromium 

- 

2200. 

Greenwood,  Ch.  News,  100,  1909. 

Copper 

2 100-23 10 

2310. 

1.  c. 

Fluorine 

- 

—187. 

Moisson-Dewar,  C.  R.  136,  1903. 
Computed,  Tracers  Ch.  News,  86,  1902. 

Helium 

- 

—267. 

Hydrogen 

—252.5-252.8 

—252.6 

Mean. 

Iodine 

- 

>200. 

Iron 

— 

2450. 

Greenwood,  1.  c. 

Krypton 

- 

•— 151-7 

Ramsay,  Ch.  News,  87,  1903. 

Lead 

- 

1525- 

Greenwood,  1.  c. 

Lithium 

— 

1400. 

Ruff-Johannsen,  Ch.  Ber.  38,  1905. 

Magnesium 

— 

1120. 

Greenwood,  1  c. 

Manganese 

— 

1900. 

ti                       u 

Mercury 

- 

357. 

Crafts;  Regnault. 

Langmuir,  Mackay,  Phys.  Rev.  19x4. 

Molybdenum 

^^ 

3620. 

Neon 

— 

—239. 

Dewar.  1901. 

Nitrogen 

—195 -7-194 -4 

—195. 

Mean. 

Oxygen 

—182. 5-182. 9 

—182.7 

« 

Ozone 

- 

— 119. 

Troost.  C.  R.  126,  1898. 

Phosphorus 

287-290 

288. 

Platinum 

- 

3910. 

Langmuir,  Mackay,  Phys.  Rev.  I9I4, 

Potassium 

667-757 

712. 

Perman;  Ruff-Johannsen. 

Rubidium 

696. 

Ruff-Johannsen. 

Selenium 

664-694 

690. 

Silver 

- 

1955. 

Greenwood,  1.  c. 

Sodium 

742-757 

750. 

Perman;  Ruff-Johannsen. 

Sulphur 
Tellurium 

444".  7-445 

444.7 

Mean. 

1390. 

Deville-Troost,  C.  R.  91,  1880. 

Thallium 

- 

1280. 

V.  Wartenherg,  25  Anorg.  Ch.  56,  1908, 

Tin        . 

- 

2270. 

Greenwood,  1.  c. 

Tungsten 

— 

5830. 

Langmuir.  Phys.  Rev.  1913. 

Xenon 

.   — 

— 109. I 

Ramsay,  Z.  Phys,  Ch.  44»  1903. 

Zinc 

916-942 

• 

930.    . 

Smithsonian  Tanlcs. 
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Tables  ll*-ti8. 
TABLE  S16.  —  Effect  of  Pressure  on  Melting  Point 


Substance. 


Hg 

K. 

Na 

Bi. 

Sn. 

Bi. 

Cd 

Pb 


Melting  point 
at  X  kg/sq.  cm 


-38.85 

59-7 
97.62 

271.0 
231.9 
270.9 
320.9 
3274 


Highest 

experimental 

pressure: 

kg/sq.  cm 


12,000 
2,800 
12,000 
12,000 
2,000 
2,000 
2,000 
2,000 


at! 


dt/dp 
kg/sq.  cm. 


0.00511 
0.0136 
0.00860 
-0.00342 
0.00317 
-0.00344 
0.00609 
0.00777 


A/  (observed) 

for 
xooo  kg/sq.  cm 


5.1" 
13.8 

+  12. 3t 

-3-5t. 

317 
-3-44 

6.09 

7.77 


Reference' 


I 
2 

4 
4 
3 
3 
3 
3 


*  A  t  (observed)  for  10,000  kg/sq.  cm  is  so.S'*. 

fNa  melts  at  177.5®  at  12,000  kg/cm";  K  at  179.6®;  Bi  at  218.3*;  Pb  at  644**.  Luckey 
obtains  melting  point  for  tungsten  as  follows:  i  atme,  3623®  K;  8,  3594;  18,  3572;  28,  3564. 
Phys.  Rev.  191 7. 

References:  (i)  P.  W.  Bridgman,  Proc.  Am.  Acad.  47,  pp.  391-96,  416-19,  191 1;  (2)  G. 
Tammann,  Kristallisieren  und  Schmelzen,  Leipzig,  1903,  pp.  98-99;  (3)  J.  Johnston  and 
L.  H.  Adams,  Am.  J.  Sci.  31,  p.  516, 191 1;  (4)  P.  W.  Bridgman,  Phys.  Rev.  6,  i,  1915. 

A  large  number  of  organic  substances,  selected  on  account  of  their  low  melting  points,  have 
also  been  investigated:  by  Tammann,  loc.  cit.;  G.  A.  Hulett,  Z.  physik.  Chem.  28,  p.  629,  1899; 
F.  Kdrber,  ibid.,  82,  p.  45,  1913;  E.  A.  Block,  iJbid.j  82,  p.  403,  1913;  Bridgman,  Phys.  Rev.  3, 
126,1914;  Pr.  Am.  Acad.  51,  55,  1915;  51,581,1916;  52,57,1916;  52,91,1916.  The  results 
for  water  are  given  in  the  following  table. 

TABLE  ai7.  — Effect  of  Pressure  on  the  Freezing  Point  of  Water  (Bridgmsn*). 


Pressure:  t 
kg/sq.  cm 

Freezing  point. 

Phases  in  Equilibrium. 

I 

0.0 

Ice  I  —  liquid. 

1,000 

-8.8 

Ice  I  —  liquid. 

2,000 

-20.15 

Ice  I  —  liquid. 

2,115 

—22.0 

Ice  I  —  ice  III  —  liquid  (triple  point). 

3,000 

-18.40 

Ice  III  —  liquid. 

3,530 

-17.0 

Ice  III  —  ice  V  —  liquid  (trif>le  point). 

4,000 

-137 

Ice  V  —  liquid. 

6,000 

-  1.6 

Ice  V  —  liquid. 

6,380 

+  0.16 

Ice  V  —  ice  VI  —  liquid  (triple  point). 

8,000 

12.8 

Ice  VI  —  Uquid. 

12,000 

37.9 

Ice  VI  —  liquid. 

16,000 

57-2 

Ice  VT  —  liquid. 

20,000 

73.6 

Ice  VI  —  liquid. 

*  p.  W.  Bridgman,  Proc.  Am.  Acad.  47,  pp.  441-558,  1912. 
1 1  atm.  =  1 .  033  kg/sq.  cm. 

TABLE  S18.  — Effect  of  Pressure  on  Boiling  Point* 


MetaL 


Bi 
Bi 
Bi 
Bi 
Bi 
Ag 


Pressure. 


10.2  cm  Hg. 
25.7cmHg. 

6 . 3  atme. 
.11.7  atme. 
16.5  atme. 

10.3  cm  Hg. 


T     1 

1 

:  Metal. 

1200 

Ag 

I3IO 

Cu 

1740 

Cu 

1950 

Sn 

2060 

Sn 

1660 

Pb 

Pressure. 


26.3  cm  Hg. 
lo.ocm  Hg. 
25.7cmHg. 

10. 1  cm  Hg. 

26.2  cm  Hg. 
10.5  cm  Hg. 


•c 

Metal. 

1780 

Pb 

1980 

Pb 

2180 

Pb 

1970 

Zn 

2100 

Zn 

I3IS 

Zn 

Pressure. 


20.6  cm  Hg. 
6.3  atme. 

11. 7  atme. 
1 1 . 7  atme. 
21.5  atme. 
53 .  o  atme. 


1410 
1870 
2100 
1230 
1280 
1510 


•  Greenwood,  Pr.  Roy.  Soc.,  p.  483,  1910. 
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Table  119.  20I 

DENSITIES  AND  MELTmG  AND  BOILING  POINTS  OF  INORGANIC  COMPOUNDS. 


Substance. 


Aluminum  chloride 

"         nitrate 

"         oxide 

Ammonia 

Ammonium  nitrate 

"  sulphate . . . 

"  phosphite. . 

Antimony  trichloride. . . 

"         pentachloride 

Arsenic  trichloride 

Arseniuretted  hydrogen 

Barium  chloride 

"       nitrate 

"       perchlorate .... 

Bismuth  trichloride 

Boric  acid 

*'     anhydride 

Borax  (sodium  borate).. 

Cadmiiun  chloride 

"         nitrate 

Calcium  chloride 

"        chloride 

"        nitrate 

"       nitrate 

"       oxide 

Carbon  tetrachloride . . . 

"       trichloride 

"      monoxide 

"      dioxide 

^^      disulphide 

Chloric  acid 

Chlorine  dioxide 

Chrome  alum 

"      nitrate 

Chromium  oxide 

Cobalt  sulphate 

Cupric  chloride 

Cuprous  chloride 

Cupric  nitrate 

Hydrobromic  acid 

Hydrochloric  acid 

Hydrofluoric  acid 

Hydriodic  acid 

Hydrogen  peroxide 

"         phosphide . . . 

"        sulphide 

Iron  chloride 

"    nitrate 

"    sulphate 

Lead  chloride 

'*     metaphosphate . . . 

Magnesiiun  chloride 

"  oxide 

"  nitrate 

"  sulphate . . . 

Manganese  chloride 

'*  nitrate 

"  sulphate 

Mercurous  chloride 

Mercuric  chloride 


Chemical  formula. 


AlCU 

A1(N0,)3  +  9H2O 

AlA 

NH, 

NH4NO, 

(NH4)2S04 

NH4H2PO, 

SbCU 

SbCU 

AsCU 

AsH, 

BaCU 

Ba(N0,)2 

BaCClOOi 

BiCU 

HsBOj 

B,03 

Na2B407 

CdCl, 

Cd(N0,)2  +  4H2O 

CaCli 

CaCl2  +  6H2O 

Ca(N0,)2 

Ca(N03)2  +  4H2O 

CaO 

ecu 

C2CU 
CO 
CO, 

cs 

HC104  +  H20 

C102 

KCr(S04)2  +  i2H20 

Cr2(N03)6  -h  i8H,0 

Cr,0, 

C0SO4 

CuCl, 

CU2CI2 

Cu(NQ,)2  +  3H2O 

HBr 

HCl 

HFl 

HI 

H2O2 

PHa 

H2S 

FeCU 

Fe(NO,),  +  9H,0 

FeS04  +  7H2O 

PbCla 

Pb(P0,)2 

MgCl, 

MgO 

Mg(N03)2  +  6H2O 

MgS04  +  SH2O 

MnCla  +  4H2O 

Mn(N0,)2  +  6H2O 

MnSO*  +  5H2O 

HgtCIa 

HgCU 


Density, 
about 


20 


•c 


4.00 

1.72 

1.77 

2.3s 
2.20 

3.86 
3.24 

4.56 
1.46 
1.79 

2.36 
4.05 

2-45 
2.26 

1.68 

2.36 

1.82 

1.59 
1.63 

1.56 
1.26 
1. 81 

1-83 

504 

3-53 

3-oS 

3-7 
2.05 


0.99 
^•5 

2.80 
1.68 
1.90 
5-S 

2.18 

3.4 
1.46 

1.68 
2.01 
1.82 
2.09 
7.10 
5-42 


Melting 

point 

C 


190. 
72.8 
2050. 

-75- 

165- 
140. 

123. 

73. 

3- 
-18. 

-"35 
960. 

575. 

505. 

232. 5 
185. 

577- 
741. 
560. 

59-5 

774.0 

29.6 
499. 

42.3 
2570. 

-24. 

184. 

-207. 

-57- 
—  no. 

50. 

-76. 

89. 

37. 
1990. 

97. 
498. 

421. 

"45 
-86.7 

-III. 3 

-92.3 

-51.3 
-2. 

-132. 5 
-86. 

301. 
47-2 
64. 

500. 

800. 

708. 

2800. 

90. 

ISO- 

87. 5 
26. 

54- 

450=^ 
282. 


■c 

o 

:S 

< 


I 

2 
28 

3 

4 
5 

II 
8 
6 

II 

24 
10 


27 

25 
2 


24 
26 
28 
22 

6 

3 
13 
15 

3 
16 

2 
28 
16 

9 


3 

17 

6 

17 
18 

6 
3 

2 
16 

9 
9 

9 

28 

2 
16 

19 
2 

16 


Boiling 

point 

C 


183. 
134. 


-33-5 
210.  * 


150.* 
223. 
102. 
130.2 
-54.8 


440. 


900 
132. 


132.* 
76.7 

-190. 
-80. 
46.2 

9.9 

170. 

880.  • 

* 

1000  i* 
170.* 
-68.7 
-83.1 

-36.7 

-35-7 
80.2 

-62. 


900 


143- 

106. 
129. 


305 


Pres- 
sure 
nun 


752 
760 


760 

68 

760 

760 


760 


760 


760 

760 

subl. 

760 

731 
760 


760 
760 
760 

755 

755 
760 

47 


760 


760 

760 
760 


o 
.c 

3 
< 


14 
23 

6 


9 
4 


23 
6 


21 
2 


9 
2 

17 
17 

20 


19 
2 


Amat;    (6)   Olszweski;   (7)   Gibbs; 

*  '    '    1  AnschQtz; 

30)    Bruhl; 

(27)    Day; 
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202  Table  119  (anUinued). 

DENSITIES  AND  MELTING  AND  BOILING  POINTS  OF  INORGANIC  COMPOUNDS. 


Substance. 


Nickel  carbonyl 

"      nitrate 

"      oxide 

"      sulphate 

Nitric  acid 

"     anhydride 

"     oxide* 

"     peroxide 

Nitrous  anhydride 

"       oxide 

Phosphoric  acid  (ortho). 

Phosphorous  acid 

Phosphorus  trichloride. . 
*       oxychloride . . 

"      disulphlde 

"      pentasulpbide 

**      sesquisidphide 

"      trisulphide . . . 

Potassium  carbonate . . . 

"      chlorate 

"      chromate 

"      cyanide 

"      perchlorate  . . . 

"      chloride 

"      nitrate 

"      acid  phosphate 
**      add  sulphate. . 

Silver  chloride 

"     nitrate 

"     perchlorate 

"     phosphate. ...... 

"     metaphosphate. . . 

"     sulphate 

Sodium  chloride 

"       hydroxide 

"       nitrate 

"       chlorate 

"       perchlorate .... 

"       carbonate 

"       carbonate 

"       phosphate 

''       metaphosphate. 
"       pyrophosphate . 

"       phosphite 

"       sulphate 

"       sulphate 

"       hyposulphite. . . 

Sulphur  cUoxide 

Sulphuric  add 

acid 

acid 

"        acid  (pyro),. . 

Sulphur  trioxide 

Tin,  stannic  chloride . . . 
"    stannous  chloride. . 

Zinc  chloride 

"    chloride 

"    nitrate 

**    sulphate 


Chemical  fonnula. 


NiCiO* 

Ni(NO,),  +  6H2O 

NiO 

NiS04  +  7H,0 

HNOi 

N,06 

NO 

Na04 

N2O, 

N2O 

H,P04 

H,PO, 

PCU 

POCU 

P.S. 

P2S6 

P4S, 

P«S, 

KjCQ, 

KCIQ, 

K,Cr04 

KCN 

KCIO4 

KCl 

KNOi 

KH2PO4 

KHSO4 

AgCl 

AgNO, 

AgC104 

AgsP04 

AgPO, 

Ag,S04 

NaCl 

NaOH 

NaNO, 

NaClQa 

NaC104 

Na,CQ, 

NajCOi  +  10H2O 

Na,HP04+i2H20 

NaPQ, 

Na4P207 

(H2NaPO,)2  +SH2O 

Na2S04 

NaaS04  +  10H2O 

Na2S2Qi  +  sHaO 

SO2 

H2SO4 

12H2SO4  +  H2O 

HaS04  H-  H2O 

H2S2O7 

SO, 

SnCU 

SnCU 

ZnCU 

ZnCU  +  3H2O 

Zn(N03)2  +  6H2O 

ZnS04  +  7H2O 


I 

'Density. 
*   about 


20 


•c 


1.32 
2.05 
6.69 
1.98 

1.52 
1.64 
1.27 
1.49 

1-45 

1.88 
1.65 
1. 61 
1.68 


2.00 

2.29 

2.34 
2.72 

52 

52 

99 
10 

2.34 
2.35 
556 
4.35 


I, 
2, 
I, 
2 


6.37 

5-45 
2.17 

2. 1 

2.  26 

2.48 

2.48 
1.46 

1.54 
2.48 

2-45 

2.67 
1.46 

1-73 
1.83 


1.89 
1. 91 
2.28 

2.91 

2.06 
2.02 


>% 

Mdting 

** 

point 

^ 

C 

9 

< 

I 

-25. 

56.7 

2 

99. 

3 

-42. 

4 

30. 

5 

-167. 

— 

-9-6 

8 

-III. 

7 

-102.4 

8 

40  ^ 

— 

72. 

— 

-III. 8 

10 

+1-3 

— 

297. 

12 

275. 

13 

168. 

— 

290  s^ 

14 

909. 

■^— 

357. 

IS 

975- 

17 

red  h't 

610. 

IS 

772. 



341- 

— 

96. 

3 

205. 

— 

451- 

15 

218. 

— 

486. 

18 

849- 

15 

482. 

IS 

65s- 

800. 

II 

318. 

27 

315- 

— 

248. 

28 

482. 

18 

852 -» 

34- 

3 

38. 

617. 

15 

970. 

30 

42. 

20 

884. 

II 

32.38 

17 

48.16 

-76. 

— 

10.4 

21 

-0.5 

22 

8.5 

— 

35- 

22 

16.8 

— 

-33- 

23 

250. 

24 

365. 

29 

6.5 

26 

36.4 

3 

SO. 

3 

Boiliog 

point 

C 


43. 
136.7 


86. 
48. 

-153- 
21.6 

-89.8 


76. 
loS. 

522. 
400. 
490. 


410.  t 
1500- 
400.  t 

—         dec. 


—         dec. 


1085.  t 
1490. 


380.  t 
t 


-  t 


131 


Pres- 
sure 
mm 


760 
760 


760 
760 
760 
760 
760 
760 


760 
760 
760 
760 
760 
760 


760 

760 


760 


t 

-10. 

760 

338. 

760 

T 

44.9 

760 

114. 

760 

605. 

760 

710. 

760 

760 


o 


2    ' 


16 

9 
6 


8 


19 


25 


22 


19 
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*  Under  pressure  138  mm  mercury,    f  Decomposes. 


Table  220.  203 

DENSITIES,    MELTINQ-POINTS,    AND    BOILINQ-POINTS    OF   SOME 

ORGANIC  COMPOUNDS. 

N.B.  —  The  data  in  this  table  refer  only  to  normal  compounds. 


Substance. 

Formula 

Temp. 

Den- 
sity. 

Melting- 
point 

Boiling-point. 

Authority. 

(a 

)  Para 
0.415 

fiin  Series 

^'    ^H^2H-h2- 

» 

Methane*    .    .    . 

CH4 

—164. 

-184. 

—165. 

Olszewski,  Young. 

Kthanct .     . 

CaHe 

0 

.446 

—171.4 

—93- 

Ladenburg,     " 

Propane  .    . 

CgHg 

0 

.536 

—195. 

—45- 

Young,  Hainlen. 

Butane    .    . 

C4H10 

0 

.60 

—135. 

I. 

Butlerow,  Young.- 

Pentane  .     . 

C6H12 

0 

.647 

—131. 

^.3 

Thorpe,  Young. 

Hexane   . 

C6Hi4 

17- 

.663 

—94. 

Schorlemmer. 

Heptane  . 

C7H16 

0 

.701 

—97. 

98.4 

Thorpe,  Young. 

Octane    . 

CgHis 

0 

.719 

-56.6 

125.5 

««             II 

Nonane  . 

CjH-io 

0 

•733 

— 5'- 

150. 

Krafft. 

Decane   . 

C10H22 

0 

•745 

— 3»- 

^73- 

li 

Undecane 

C11H24 

0 

—26. 

195- 

II 

Dodecane    . 

C13H26 

0 

.765 

— 12. 

214. 

It 

Tridecane    . 

CisHas 

0 

.771 

—6. 

234- 

II 

Tetradecane 

CmHbo 

4- 

•775 

5. 

252. 

II 

Pentadecane 

CiffHjj 

10. 

.776 

10. 

270. 

M 

Hexadecane 

Cl6H84 

18. 

■775 

18. 

287. 

II 

Heptadecane 

CirHse 

22. 

■777 

22. 

303- 

•1 

'  Octadecane 

C 18  Has 

28. 

•777 

28. 

317- 

U 

Nonadecane 

C10H40 

32- 

.777 

32- 

330- 

II 

Eicosane .    . 

C20H43 

37- 

.778 

37- 

I2I.§ 

II 

Heneicosane 

C21H44 

40. 

.778 

40. 

129.1 

II 

Docosane     . 

C22H4e 

44. 

.778 

44. 

136.5s 

M 

.  Tricosane    . 

C28H48 

48. 

•779 

48. 

I42.5§ 
243-+ 

<l 

Tetracosane 

i  C24H60 

li: 

.779 

&, 

II 

Heptacosane 

C27H66 

.780 

I72.§ 

W 

Pentriacontane 

C8iHe4 

68. 

.781 

68 

I99.S 

II 

Dicetyl    .... 

C82H66 

70. 

.781 

70. 

205.§ 

l< 

Penta-tria-contane 

C86Ht2 

75- 

.782 

75- 

3314 

II 

(b)  i 

31efines, 

or  the 

Ethylene 

;  Series :  C^K 

[»• 

Ethylene      .     .    . 

C2H4 

_ 

0.610 

-169. 

—103. 

Wroblewski  or  Olszewski. 

Propylene   . 
Butylene . 

CgHe 

- 

- 

—18a 

—50.2 

Ladenburg,  Kriigel. 

C4H8 

— '3-5 

•635 

- 

I. 

Sieben. 

Amylene 

CgHio 

— 

§ 

Wagner  or  Saytzcflf. 

Hexylene 

C6Hi2 

0 

•7*6 

— 

Wreden  or  Znatowicz. 

Heptylene  . 

C7H14 

'9-5 

•703 

- 

96.-99. 

Morgan  or  Schorlemmer. 

Octylene . 

CsHie 

17- 

.722 

— 

1 22.- 1 23. 

Moslinger. 

Nonylcne 

CgHjs 

20. 

.767 

— 

140.-142. 

Beilstcin,  "  Org.  Chem." 

Decylene 

C10H20 

— 

— 

- 

175. 

<i             ti           ti 

Undecylene 

C11H22 

20. 

•773 

196.-197. 

<i             11           II 

Dodccylcne 

C12H24 

—31- 

•795 

—31. 

2 1 2.-2 1 4. 

II             II           II 

Tridecylene 
Tetraaecylene 

C18H26 

15- 

.774 

233- 

Bernthsen. 

C14H28 

—  12, 

•794 

— 12. 

127.} 

Krafft. 

Pentadecylene 

.      .  ;    CifiHgo 

^^ 

.814 

- 

247. 

Bernthsen. 

Hexadecylene 

C16H82 

4. 

.792 

4. 

^SS't 

Krafft,  MendelejefT,  etc. 

Octadccylene  . 

CisHsB 

18. 

.791 

18. 

1794 

Krafft. 

Eicosylene  . 

C20H40 

0 

.871 

- 

390.-400. 

Beilstein,  "Org.  Chem." 

1  Cerotene     .     . 

C27H64 

- 

— 

58. 

Bernthsen. 

1  Melene    .    . 

1 

CsoHbo 

" 

i^ 

62. 

ti 

*  Liquid  at — tt.^  C.  and  i8o  atmospheres'  pressure  (Cailletet). 

I  U       4<  _j_  ^o  "       •«     ^5  ••  "^      U  *        4» 

t  Boiling-point  under  15  nun.  pressure. 
§  In  vacuo. 
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204  Table  220  {continued). 

DENSITIES,   MELTING-POINTS,  AND   BOILING-POINTS  OF  SOME 

ORGANIC  COMPOUNDS. 


Substance. 


Chemical 
formula. 


Temp. 


Specific  I  Melting- 
gravity.  I    poinL 


Boiling- 
point. 


Authority. 


(c)  Acetylene  Series :  C^Hj-,^,. 


Acetylene  .  .  . 
AUylene  .  .  . 
Ethylacetylene    . 

Propvlacetvlene  . 
Butyfacetyfene  . 
Oenanthylidene  . 

Caprylidene    .    .^ 
Undecylidene .    .' 
Dodecylidene 
Tetraaecylidcne  . 
Hexadecylidene  . 
Octadccylidene   . 


CaHa 
C8H4 
C4H6 

CeHio 
C7H12 

CgHn 

CiiHao 
CiaHaa 
C 14  Has 
CieHso 
C18H84 


-«o. 

^13 

-8r. 

-85. 

— 

- 

— no. 
—130. 

-23.5 
•fS. 

— 

- 

• 

48.-50. 
68.-70. 

— 

— 

• 

100.-101. 

0. 

0.771 

- 

133.-134. 
2 10.-2 1 5. 

—9. 

4-6.5 

20. 

30^ 

.810 
.806 
.804 
.802 

—  9. 

4-6.5 
20. 

30. 

105.* 

I34^* 
i6o.» 

184.* 

ViDard. 

Bniylants,  Kutsche- 
ron,  and  others. 

Bniylants,  Taworski. 

Taworski. 

Beilstein,  and  oth- 
ers. 

Behal. 

Bruylants. 

Krafft. 

u 

u 
u 


(d)  Monatomic  alcohols 


^n^2n+fi^' 


Methyl  alcohol    . 
Ethyl  alcohol .     . 
Propyl  alcohol     . 
Butyl  alcohol .     . 
Amyl  alcohol .     . 
Hexyl  alcohol 
Heptyl  alcohol    . 
Octyl  alcohol  .    . 
Nonyl  alcohol 
Decyl  alcohol 
Dodecyl  alcohol . 
Tetradecyl  alcohol 
Hexadecyl  alcohol 
Octadecyl  alcohol 


CHsOH 

CaHfiOH 

CbHtOH 

C4H9OH 

CfiHiiOH 

CeHiaOH 

C7H16OH 

C8H17OH 

C9H19OH 

CioHaiOH 

CiaHafiOH 

Ci4Ha90ri 

CieHjjOH 

CibHstOH 


0. 

0.812 

-97. 

66. 

0.' 

.806 

—114. 

78. 

0. 

.817 

-127. 

97. 

0. 

•823 

-• 

117. 

0. 

.829 

— 

138. 

0. 

•833 

— 

>57^ 

0. 

.836 

,—36. 

176. 

0. 

•839 

—18. 

195- 

0. 

.842 

—  5- 

2i3^ 

4-7^ 

■839 

+  7. 

231. 

24. 

.831 

24. 

M3-* 

38. 

.824 

38. 

167.* 

50. 

.818 

50. 

190.* 

59- 

.813 

59- 

211.* 

From  Zander,  **  Lieb. 
Ann."  vol.  224,  p.  85, 
and  Krafft,  "Ber.^'i 
vol.  i6>  1714,  I 

19,  2221,  ! 

23,  2360, 
and  also  vVroblew- 
ski  and  Olszewski, 
"  Monatshefte," 
vol.  4,  p.  338. 


<t 


ti 


(e)  Alcoholic  ethers  :  C^Hj^_|_jO. 


Dimethyl  ether  .  . 

Diethyl  ether .     ,  . 

Dipropyl  ether    .  . 
Di-iso-propyl  ether . 

Di-n-butyl  ether  .  . 

Di-sec-butyl  ether  . 
Di-iso-butyl     " 
Di-iso-amyl 
Di-sec-hexyl 


« 


Di-norm-octyl 


II 


CaHeO 

— 

- 

— 

—  23.6 

C4H10O 
CbHhO 
CeHnO 
CgHigO 

4- 
0. 

0. 

0. 

0.731 

•703 

•743 
.784 

—  117 

4- 34^6 
90.7 
69. 
141. 

CsHigO 
CsHigO 
CioHaaO 
CiaHaeO 

21. 

15- 
0. 

.756 
.762 

•799 

— 

121. 
122. 

170.-175- 
203.-20II. 

C1CH84O 

17- 

.805 

— 

280.-282. 

Erlenmeyer,  Kreich- 

baumer. 
Regnault,  Olszewski 
Zander  and  others. 


M 


Lieben,  Rossi,  and 

others. 
Kessel. 
Reboul. 
Wurtz. 
Erlenmeyer  and 

Wanklyn. 
Moslinger. 


(f)  Ethyl  ethers  :  C„Hj^_j.,0. 


Ethyl-methyl  ether  .  . 
propyl  "  .  . 
iso-propyl  ether  . 
norm-butyl  ether 
iso-buty!  ether 
iso-amyl  ether 


It 


II 


II 


II 


II 


11 


II 


II 


norm-hexyl  ether 
norm-heptyl  ether 
norm-octyl  pther 


CgHgO 

0. 

0.725 

_ 

II. 

CfiHiaO 

20. 

0-739 

— 

63.-64. 

CflHiaO 

0. 

•745 

— 

54. 

CeHuO 

0. 

.769 

— 

92. 

CbHuO 

- 

.764 

- 

78.-80. 

CtHibO 

18. 

— 

112. 

CgHigO 

— 

~ 

— 

J  34.-137- 

C9H.20O 

16. 

.790 

— 

165. 

CioHaaO 

17. 

•794 

— 

182.-184. 

Wurtz,  Williamson. 
Chancel,  Briihl. 

'  I 

Markownikow. 
Lieben,  Rossi. 
Wurtz. 
Williamson  and 

others. 
Lieben,  Janeczek. 
Cross. 
Moslinger. 


*  Boiling-point  under  15  nun.  pre«sure. 

t  Liquidat  — 11. °  C.  and  180 atmospheres*  pressure  (Cailletet). 
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Table  tlO  (concluded). 
DENSITIES  AND    MELTING   AND   BOILING   POINTS   OF  SOME  ORGANIC   COMPOUNDS. 

(g)    MiSCELLAJNEOUS. 


— 

1               Substance 

1 

Chemical  fonnula. 

Density  and 
temperature. 

Mdtine 
point  C 

Boiling 
point  C 

Authority. 

Acetic  acid 

CHjCOOH 

I. IIS 

o*» 

16.7 

118. 5 

Young,  *09 

Acetone 

CHjCOCHa 

0.812 

0 

—04.6 

56.1 
+20.8 

Aldehyde 

C,H40 

0.806 

0 

-120. 

Aniline 

CsHftNHi 

1.038 

1.293 

0 

-8. 

183.9 
249- 

Beeswax : . . . . 

CrHeO, 

4 

62. 
121. 

1     Benzoic  acid 

1     B^^Tizol 

CeHe 

0.879 

1.090 

20 

5-48 
48. 

80.2 

Richards 

1     Benzophenone . . . 

(CeH5)2CO 

50 

305.9 

Holbom- 

1 

Henning 

1     Butter 

CioHieO 

0.86-7 
0.99 

10 

30* 
176. 

209. 

1     Camphor 

1     Carbolic  add .... 

CHsOH 

1.060 

21 

43 

182. 

1     Carbon  bisulphide 

CS, 

1.292 

0 

-no. 

46.2 

1           "      tetrachlor- 

* 

1             ide 

ecu 

1.582 

I. Ill 

21 

—30. 

76.7 

Young 

1     Chlorbenzene .... 

CeHfiCl 

15 

-40. 

1^1 
132. 

0 

1     Chloroform 

CHCU 

I -257 

0 

-65. 

61.2 

1     Cyanogen 

C,N, 

-35- 

—21. 

1     Ethyl  bromide . . . 

COIsBr 

1-45 

15 

-117. 

38.4 

1         "     chloride . . . 

CaHfiCl 

0.918 

8 

-141. 6 

14. 

1;       "     ether 

C4HiaO 

0.736 

0 

-118. 

34.6 

1        "     iodide 

CaHJ 

1.944 

14 

— 

72. 

1    Formic  acid 

HCOOH 

I.  242 

0 

8.6 

100.8 

1    Gasolene 

0.68* 

70-90 

1     Glucose 

CHO(HCOH)4CHjOH 

I.  «;6 

146. 

1      Glycerine 

CsHsQ, 

1.269 

0 

20. 

290. 

'  Iodoform 

cm. 

4.01 

25 

119. 

~~~ 

Lard 

CHjCl 

0.992 

-24 

29:-i 
-103.6 

-24.1 

■ 

Methyl  chloride. . 

Methyl  iodide 

CH,I 

2.285 

15 

-64. 

42.3 

Napthalene. . .... 

C6H4-C4H4 

1. 152 

IS 

80. 

218. 

Holbom- 
Henning 

Nitrobcnzol 

CeHftOsN 

1. 212 

7.5 

5- 

211. 

Nitroglycerine. . . 

CsHftNiA 

1.60 

— 

Olive  oil 

0.92 
1.68 

20  '^ 

300  ^ 

Oxalic  acid 

C,H,04-2H20 

190. 

sj 

Parafl5n  wax,  soft. 

— 

38-52 

350-390 

"    hard 

52-56 

390-430 

Pyrogallol 

CeH,(OH), 

1.46 

40 

133- 

293. 

Spermaceti 

0.95 

15 

45  * 

— 

Starch 

C^sxXioOk 

1.56 

none 

Sugar,  cane 

C1SH22011 

1.588 

20 

160. 

— 

Stearine 

C  Ci  ulssOi  )a(JaXlfi 

0.02^ 

65 

71. 

_— . 

Tallow,  beef 

3f      J 
0.94 

15 

27-38 

— 

"       mutton . . 

0.94 

15 

32-41 

Tartaric  add 

C4HeO* 

1.754 

170. 

— 

Toluene 

CeHftCHg 

C6H4(CH4)2 

0.882 
0.863 

00 
20 

-92. 
-28. 

•  II0.3I 
142. 

Richards 

Xylene  (o) 

"       (m) 

C«H4(CH,), 

0.864 

20 

54- 

140. 

"       (P) 

CftH4(CH,), 

0.861 

20 

15. 

138. 
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Tables  221 -223.    MELTING-POINTS. 
TABLE  aai.  -Mtltlaf-poillt  of  MlxtUM. 


Metals. 

Melting-pointSt  C. 

Reference.   1 

Percentage  of  metal  in  second  column. 

o% 

10% 

20% 

30% 

40% 

50% 
220 

60% 

70% 

80% 

90% 

100% 

Pb.  Sn. 

326 

295 

276 

263 

240 

190 

;s 

aoo 

216 

332 

I 

Bi. 

322 

290 

- 

- 

179 

145 

126 

205 

— 

268 

7 

Te. 

322 

710 

790 

880 

9«7 

760 

600 

480 

410 

425 

446 

S 

A« 

.128 

460 

545 

590 

6ao 

650 

705 

775 

840 

905 

959 

9 

Na. 

- 

360 

420 

400 

370 

330 

290 

250 

2CX> 

»3o 

96 

13 

Cu. 

326 

870 

920 

9*5 

945 

9$o 

955 

985 

1005 

f020 

1084 

2 

Sb. 

326 

250 

275 

330 

395 

440 

490 

525 

560 

600 

632 

16 

Al.  Sb. 

650 

750 

840 

925 

945 

950 

970 

1000 

X040 

lOIO 

63a 

17 

Cu. 

650 

630 

600 

560 

540 

580 

610 

755 

930 

1055 

1084 

le 

Au. 

655 

675 

740 

800 

855 

9«5 

970 

1025 

«o55 

675 

1062 

lO 

i^' 

650 

625 

615 

600 

590 

s8o 

575 

570 

650 

750 

954 

t7 

Zn. 

654 

640 

620 

600 

580 

560 

530 

510 

475 

42s 

419 

II 

Fe. 

653 

860 

1015 

II 10 

»«45 

"45 

1220 

»3i5 

»425 

1500 

i5>5 

3 

Sn. 

650 

645 

635 

625 

620 

605 

590 

570 

560 

540 

232 

17 

Sb.  Bi. 

632 

610 

590 

575 

555 

540 

520 

470 

-♦25 

330 

.  a68 

16 

^«- 

630 

595 

570 

545 

520 

500 

505 

545 

680 

850 

959 

9 

Sn. 

622 

600 

570 

5»5 

480 

430 

395 

350 

310 

255 

232 

«9 

Zn. 

632 

555 

510 

540 

570 

565 

540 

52s 

510 

470 

4«9 

17 

Ni.  Sn. 

145s 

13^ 

1290 

laoo 

*235 

1290 

»3oS 

1230 

1060 

800 

232 

17 

Na.  Bi. 

96 

425 

520 

590 

64s 

690 

720 

730 

715 

570 

268 

13 

Cd. 

96 

"5 

185 

245 

28s 

325 

330 

340 

360 

390 

322 

13 

Cd.  Ae. 

322 

420 

520 

610 

700 

760 

805 

850 

895 

940 

954 

»7 

321 

300 

285 

370 

262 

258 

245 

230 

310 

*35 

302 

14 

Zn. 

322 

280 

270 

295 

313 

327 

340 

355 

370 

390 

419 

11 

Au.  Cu. 

1063 

910 

890 

895 

905 

925 

975 

1000 

1035 

1060 

1084 

4 

£«• 

1064 

1062 

1061 

1058 

IOS4 

1049 

1039 

1025 

1006 

?5* 

963 

5 

Pt. 

1075 

1 125 

1190 

1250 

1320 

1380 

»455 

«530 

16 10 

1685 

1775 

20 

K.  Na. 

62 

'7-5 

— 10 

—3-5 

5 

It 

26 

41 

58 

77 

97-5 

«5 

s*- 

- 

- 

- 

90 

no 

135 

163 

365 

»3 

Tl. 

62.5 

»33 

165 

1 88 

205 

215 

220 

140 

280 

305 

301 

M 

Cu.  Ni. 

1080 

1180 

1240 

1290 

1320 

X335 

1380 

1410 

1430 

1440 

M55 

17 

Ag. 

1082 

»o35 

C 

945 

910 

870 

830 

788 

814 

87s 

960 

9 

Sn. 

1084 

1005 

755 

725 

680 

630 

580 

530 

440 

232 

12 

Zn. 

I0S4 

1040 

995 

930 

900 

880 

820 

780 

700 

580 

4'9 

6 

Ag.  Zn. 

959 

850 

755 

705 

690 

660 

630 

610 

570 

505 

4»9 

11 

Sn. 

959 

870 

750 

630 

550 

495 

450 

420 

375 

300 

232 

9 

Na.  Hg. 

96.5 

90 

80 

70 

60 

45 

22 

55 

95 

215 

13 

1  Means,  Landolt-Bttrnstein-Roth  Tabellen. 
3  Friedrich-Leroux,  Metal.  4,  1907. 

3  Gwyer,  Zs.  Anorg.  Ch.  57,  1908. 

4  Means,  L.-B.-R.  Tabellen. 

5  Roberts- Austen  Chem.  News,  87,  2,  1903. 

6  Shepherd  J.  ph.  ch.  8,  1904. 

7  K.app,  Diss.,  Kbnigsberg,  1901. 

8  Fay  and  Gilson,  Trans.  Am.  Inst.  Min.  Eng.  Nov. 

1901. 

9  Heycock  and  Neville,  Phil.  Trans.  189.A,  1897. 
10         ••      -  "         ••  •*        "    194A,  aoi,  1900. 


i90> 


II  Heycock  and  Neville,  J.  Chem.  Soc.  71,  1897. 
13        '•  ••         ••        Phil.  Trans.  wA,  t, 

13  Kurnakow,  Z.  Anorg.  Chem.  33,  439, 1900. 

14  "  •*       "  **        30,86,1902. 

15  *•  "       "  "        30,  109,  1Q02. 

16  Roland-Gosaelin,  Bui.  Soc.  d^Encour.  (5)   i,  iM- 

17  Gautier,  •*       "  "         (e)   i,    '^ 

18  Le  Chatelier,  "       "  "         (4)   10,  sn, 

1895. 

19  Reinders,  Z.  Anorg.  Chem.  35,  113,  1896. 

30  Erhard  and  Scbertel,  Jahri).   Beiig-u.    Hfitteav 
Sachsen.  1879, 17. 


TABLE  SM.~AU070f  LMd,Tl]l,aBdBimvtlL 


Per  cent.                        | 

Lead 

Tin 

Bismuth .... 

32.0 
15-5 
5*5 

96O 

25.8 
19.8 
54-4 

lOlO 

35.0 
150 
600 

430 
14.0 

43.0 

128° 

33-3 
33-3 
.33-3 

10.7 

23.1 
66.2 

50.0 
330 
17.0 

35-8 
52.1 
12. 1 

30.0 
60.0 
30.0 

70,9 

9.1 

30.0 

Solidification  at 

125° 

145° 

i48<5 

161° 

181° 

182° 

234° 

Charpy,  Soc.  d'Encours,  Paris,  1901. 


TABLE  288.- Low  Ktltlaf-poillt  Alloy. 


Per  cent.                1 

Cadmium  .... 

Tin 

Lead 

Bismuth  .... 

10.8 
14.2 

24.9 
50.1 

10.2 

"4  3 
25.1 

50.4 

14-8 

7.0 

26.0 

52.2 

13.1 
13.8 

243 

48.8 

6.2 

9-4 
34.4 
50.0 

7> 

39-7 
53.2 

6.7 

43-4 
49-9 

Solidification  at 

65.5° 

67.50 

68. 50  1  68.5«> 

76.5° 

89.5° 

95° 

Drewitz,  Diss.  Rostock,  1903. 
All  compiled  from  Landolt-Bomstein-Meyerhoffer's  Physikalisch^chemische  Tabellen. 

Smithsonian  Tables. 


Tabuc  224.  207 

TRANSFORMATION  AND   MELTING  TEMPERATURES  OF  LIME-ALUMINA- 
SILICA  COMPOUNDS  AND   EUTECTIC   MIXTURES. 

The  majority  of  these  determinations  are  by  G.  A.  Rankin.     (Part  unpublished.) 


Substance. 


%  CaO      AlsOs        SiOs 


CaSiO| 
CaSiOg 
CasSi04    . 

CasSij|07  . 

CaaSiOs    . 

Ca8Al206  . 
CafiAIeOu 
CaAljO^    . 
CasAlioOis 
AlaSiOa     . 
CaAlaSisOg 
CasAlsSiO? 
CasAlsSiOs 


48.2 
48.2 
65. 

(;8.2 


51.8 
51.8 

35- 

35- 

41.8 


73.6        —        26.4 


Transformation. 


62.2 
47.8 

35-4 
24.8 

20.1 
40.8 
50.9 


37.8 
52.2 

64.6 

75-2 
62.8 
36.6 
37.2 
309 


371 

43-3 
22.0 

18.2 


Melting 

a  to  /3  and  reverse 

Melting         

7  to  /3  and  reverse 

^  to  a  and  reverse 

Dissociation   into  CaaSiO^  and 

liquid 

Dissociation  into  Ca2Si04  and 

CaO 

Dissociation  into  CaO  and  liquid 

Melting 

Melting 

Melting ■  . 

Melting 

Melting 

Melting 

Dissociation     into     CasSi04+ 

CaaAlaSiO?  and  liquid    .     . 


Temp. 


1540*4.2° 
1200  --2 
^130  IIio 

^s  lis 

1420  ^2 

M75  ±5 

1900  ±5 

1535  zzS 

MS5  zzS 
1600  --5 

1720  ^Iio 

1816  --10 

1550  il2 
1590  ±2 

1335  ±s 


EUTECTICS. 


Crystalline  Phases. 


CaSiOgiSiOa 

Ca.Si08  [ 

3CaO,2Si02  f 

Ca,Si04  i 

CaO.  J 
AlaSi06,Si02 
AlaSiO^AljOg 


CaAlaSisOg 

CaSiOg 

CaAlaSigOg 

SiOa 

CaAlaSiaOg 

Si02,CaSi08 

CajAliSiOi 

CaaSiO* 

Al-^Og 

CaAlsSiaOg 

CaAl2Si20g 

Al2Si05,Si02 

Ca2Al2Si07 

CagAlioOig 

Ca2Al2Si07 

CaAl204 

Ca.2Al2Si07 

CaAl204 

CagAlioOig 

CaAl2Si20g 

Ca2Al2Si07 

Ca2Al2Si07 

Cag.Si207 

CaSiOg 

Ca2Al2Si07 

CaSiOg 


%CaO   AljOj      SiO, 


37- 
54-5 

675 

341 
ic-s 
23.2 
49.6 

'9-3 
9.8 

3S' 
37.8 

37.5 
30.2 

47.2 
457 


'3- 
64. 

18.6 

>9-5 
14.8 

237 

39.3 
19.8 

50.8 

52.9 


63- 
45-5 

32.5 

87. 
36. 

47-3 
70. 

62. 

26.7 

41.4 
70.4 
14.2 

9-3 


53-2       9-3 
36.8      33- 
11.8      41. 


13.2      41.1 


Melting 
Temp. 


436^ 

45S=t 

2o65± 

610 
810 

299 

359 
165 

545 
547 
345 
552 
512 

505 

38s 
310 

316 


The  accnracy  of  the  melting-points  is  5  to  10  un; 
of  Sc.  xxxi,  p.  341,  igit. 
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EUTECTICS. 


Crvstalline  Phases. 


CaAl2Si20g 

Ca2A]2Si07 

CaSiOg 

CaAl2Si208 

Ca2Al2Si07 

Al20g 

Ca2Si04 

CaAl204 

CagAlflOn 


i 


%CaO    Al,Os    SiO, 


Melting 
Temp. 


38. 

29.2 

49-5 


20. 

39. 
437 


42. 
31.8 
6.8 


1265^ 

1380 

1335 


QUINTUPLE  POINTS. 


Ca2Al2Si07 

GagSi07 

Ca2Si04 

Ca2Al2Si07 

Ca2Si04 

CaAl204 

CaAl2Si208 

AliOg 

AlaSiOg 

CagAlioOig 

Ca2Al2Si07 

AlaOg 


48.2      II. 9      39.9 


48.3      42. 


9-7 


156     36.5      47.9 


31.2      44,5      24.3 


1335 


1380 


1512 


1475 


QUADRUPLE  POINTS. 


3Ca0.2Si02 
'2CaO.Si02 


55-5      — 


44.5 


1475 


ts.    Geophysical  Laboratory.     See  also  Day  and  Sosman,  Am.  J. 


2o8  Table  226. 

LOWERING  OF  FREEZING-POINTS   BY  SALTS   IN  SOLUTION. 

In  the  first  column  is  given  the  number  of  gram-molecules  (anhydrous)  dissolved  in  looograiy 
of  water ;  the  second  contains  the  molecular  lowering  of  the  freezing-point ;  the  freezing-p^i:: 
is  therefore  the  product  of  these  two  columns.  After  the  chemical  formula  is  given  the  moleciLr 
weight,  then  a  reference  number. 


g.  mol. 

looo  g.  HtO 


i 


Pb(N03)2,  33i'0:  1,2. 
0.000362  5.5° 

.001204  5.30 

.002805  5.17 

.005570  4-97 

.01737  469 

.5015  2.99 

Ba(NO.)<«  361.5:  I. 

5.28 


0.000383 
.001 2  Q9 

.002681  5.23 

.005422  5.13 

.008352  5.04 

Cd(NO.0s,  336.5:  3- 

0.00298  5.4° 

.00689  5.25 

.01997  5.10 

.04873  5.15  I 

AgNOs,  167.0:  4i  5- 

0.1506  3.32^ 

.5001  2.96 

.8645  2.87 

1.749  2.27 

2-953  1.85 

3.856  1.64 

0.0560  3.82 

.1401  3.58 

.3490  3.28 

KNO,,  101.9:  6,7. 

0.0100  3.5 

.0200  3.5 

.0500  3.41 

.100  3.31 

.200  3.10 

.250  3.08 

.500  2.94 

.750  2.61   ; 

1. 000  2.66 


NaNOs.  85.09 :  3,  6,  7 


0.0100 
.0250 
.0500 
.2000 
.500 
.5015 
1. 000 
1.0030 


3.60 
3.46  I 

344 

3-345 

3-24 

330 

3-15  i 

3-03 


NH^NOs,  80.IX  :  6,  8. 
0.0100  3.6® 

.0250  3.50 


mol. 


1000  g  H3O 


i2 


0.0500  347* 

.1000  3.42 

.2000  3.32 

.500  3.26 

1. 000  3.14 

LlNOji,  60.07  •  9* 

0.0398  3.4° 

•167 1  3.35 

4728  3-35 

I.OI64  3.49 

Al,(804)8,  343.4:  10. 


5.6« 

4.9 

4.5 
4.03 

383 


0.0I3I 

.0201 

•054 

.loSi 
^17 
CdS04,. 308.5:  I,  It. 

0.000704       3.35°! 

xx)2685  3.05  ' 

.01151  2.69 

.03120  2.42 

•1473  2.13 

.4129  1.80 

.7501  1.76 

1.253  1.86 

K,804,X74.4:3»S»6, 10, 12 

0.00200  "  '° 

.00198 

.00865 

.0200 


59;7: 

2B( 


.0500 
.1000 

.200 

454 
CUSO4, 15 

0.0002B6 
.000843 
.002279 
.006670 
.01463 
.1051 
.2074 

•4043 
.8898 

MgS04,  X30.4 : 
0.000675 
.002381 
.01263 
.0580 
.2104 


5-4^ 

5-3 
4.9 

4.76 

4.60 

432 
4.07 

3-87 
1,4,  It. 

3-3^ 

315 

303 
2.79 

2.59 

2.28 

1-95 
1.84 

1.76 

3-29 
3.10 

2.72 

2.65 

2.23 


I.  4 


g.  mol. 
1000  g.  HjO 


1^ 

gc 


u 
a 


0.4978 
.8112 

1-5233 

BaCL,  308.3 : 
0.00200 
.00498 
.0100 
.0200 
.04805 
.100 
.200 
.500 
.586 
.750 

CdCl,,  183.3 : 
0.00299 
.00690 
.0200 
.0541 
.0818 
.214 
.429 
.858 
1.072 

CuCla,  134.5: 
0.0350 

.1337 

■3380 

•7149 

CoCl,,  xsgaj: 

0.0276 

1094 

,2369 

4399 
538 

CaClj,  xxx.o: 
0.0100 
.05028 
.1006 

•5077 
.946 

2.432 

3-469 

3.829 
0.0478 

.153 

•331 
.612 

.998 


2.02' 

2.01 

2.28 

3t6,  13.    • 
5.5° 

5-2 

5-0 

4.95 
4.80 

4.69 

4.66 

4.82 

5-03 
5.21 

3t  M- 

4.8 
4.64 
4.1 1 

3-93 

3-39 

3-03 
2.71 

2.75 

9- 

4-9° 
4.81 

4.92 
5-32 

5.o» 

4-9 
503 
5.30 
5-5 

Si  »3-»6. 

4.85 

4.79 

5-33 

5-3 
8.2 

11.5 

14.4 

5.2 
4.91 

5-15 
547 
6.34 


g.  mol. 
1000  g.  HfO 


«^  J: 


MgCl,.  95.36 :  6,  M. 

o.oioo  5.1= 

.0500  4.98 

.1500  4.96 


.3000 

.6099 


5.69 


KCl,  74'6o:  9,  17-19. 

ao29io  3.54' 

.05845  34t 

.112  3.43 

•3^39  3-41 

476  3-37 

1. 000  32b0 

1.989  3.35 

3-269  3-'5 

NaCl,  58.50 :  3, »,  12, 16 

0.00399  3.7° 

.01000  36; 

.0221  3.55 

.04949  3-5'  , 

.1081  }^o 

.2325  3.42 

.4293  3-37 

.700  3-43 
NH4CI,  53.5* :  6, 15,      ' 

0.0100  36 

.0200  3.56 

.0350  3.50 

.1000  3.43  I 

.2000  339^ 

.4000  3.3g3 

.7000  3.41 

LiCI,  43.48 :  9,  15- 

0.00992  3.7° 


3-5 

3-53 
3'f 


3.7' 


-0455 
.09952 

.2474 

.5012 

.7939 
BaBr,,  397.3:  .4 

0.100  5.1 

.150  4-9 

.200  500 

.500  5.18 

AlBr.t,  3G7.0:  9. 

0.0078  1.4" 

.0559  '•- 

.1971  107 

4355  'o? 


I  Hausrath,  Ann.  Phys.  9,  iqio2. 

a  Leblanc-Noyes,  Z.  Phys.  Ch.  6,  189a 

3  ToneSt  Z.  Pnys.  Ch.  11,  1893. 

4  Raoult,  Z.  Pliys.  Ch.  2,  1888. 

5  Arrhenius,  Z.  Phys.  Ch.  2,  1888. 

6  Loomis,  Wied.  Ann.  57, 1896. 

7  Jones,  Am.  Chem.  J.  27,  1902. 

8  Jones- Caldwell,  Am.  Chem.  J.  25,  1901. 

9  Biltz,  Z.  Phys.  Ch.  40,  1902. 

10  Jones- Mackay,  Am.  Chem.  J.  19,  1897. 

Compiled  from  Landoll-Bomstem 

Smithsonian  Tables. 


11  Kahlenberg,  J.  Phvs.  Ch.  5,  1901. 

12  Abegg,  Z.  Phys.  Ch.  20,  1896. 

13  Jones-Getman,  Am.  Ch.  J.  27.  190a. 

14  Jones-Chambers,  Am.  Ch.  J.  23,  t9oa 

15  Loomis,  Wied.  Ann.  60,  1897. 

16  Roozeboom,  Z.  Phys.  Ch.  4,  1889. 

17  Raoiili,  Z.  Phys.  Ch.  27,  1898. 

18  RoloflF,  Z.  Phys.  Ch,  18,  1895. 

19  Kistiakowsky,  Z.  Phys.  Ch.  6,  1890. 

20  Loomis,  Wied.  Ann.  51,  1894. 
>Meyerhoffer's  Physikalisch-chemische  Tabellen. 
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LOWERING  OF  FREEZINQ-POINTS   BY  SALTS   IN   SOLUTION  {contimud). 


g.  mol. 

lOOO  g.    H3O 


I  CdBr^,  a7a.3 : 

0.00324 
.00718 
.03627 
.0719 
.1122 
.220 
.440 
.800 

CuBr^,  333.5  • 

0.0242 

.0817 

.2255 

.6003 


3.  »4- 


I 


4.6 
3.84 

3-39 
3.18 

2.96 

2.76 

2-59 

51 

5-27 

5.89 

5.18 

5-30 
5-64 

5.16 
5.26 
5.8s 

3.61' 

3-49 

330 
378 

3.56 


I 


CaBr^,  aoo.o:  14 
0.0871 

.3484   • 
.5226 

MgBr,,  184.28 :  14. 
0.0517 
.103 
.207 

•5'7 
KBr»  X19.1 :  9,  ai 
0,0305 
.1850 
.6801 
.250 
.500 

CdU,  366.1 :  3,  5,  as. 
0.00210  4.5® 

.00626  4.0 

.02062  3.52 

.04857  2.70 

.1360  2.35 

•333  2.13 

.684  2.23 

.888  2.51 

KI,  z66.o :  q,  a. 

0.0615 1  3*5** 

.2782  3.50 

•6030  3.42 

1-003  3-37 

Srl„  341.3:  aa. 

0.054  5.1* 

.108  5.2 

.216  5.3s 

•327  S-52 

NaOH,  40.06:  15. 

0.02002  3.45° 

•05005  3-45 

.1001  3.41 

.2000  3.407 


g.  mol. 
1000  g.  H^O 

KOH,  56.16:  I, 

0.00352 
.00770 

!    .02002 
.05006 
.1001 
.2003 
230 
.465 

CHsOH,  32.03 : 

0.0100 

.0301 

.2018 
1.046 

.41 

).200 


I 


»5.  as- 
3.60** 

3-59 
3-44 
3-43 
342 
3424 
3-50 
3-57 
34,25. 
1.8° 
1.82 
1.811 
1.86 
1.88 
1.944 

C,HbOH,  46.04: 

1, 12,  17,  24-27 

0.000402  1.67® 

.004993  1.67 

.0100  I.81 

.02892  1.707 

.0705  1.85 

.1292  1.829 

.2024  1.832 

.5252  1.834 

1. 0891  1.826 

1.760  1.83 

3.901  1.92 

7.91  2.02 

II. II  2.12 

18.76  1. 8 1 

0.0173  !.8o 

.0778         1.79 

KfCOa,  138.30 :  6 

0.0100  5.1° 

.0200  4.93 

.0500  4.71 

.100  4.54 

.200  4.39 

Na,CO]|,  X06.X0:  6. 

0.0100  5.1° 

.02CX>  4.93 

.0500  4.64 

.1000  4.42 

.2000  4.17 
NajSOs,  xa6.a :  a8 

0.1044  4.51® 

•3397  3-74 

.7080  3.38 

Na^HPOi,  X4a.x :  22,  29. 
0.0 1 00 1  5.0® 

.0200*^  4.84 

.05008  4.60 

.1002  4.34 


g.  mol 


1000  g.  HyO 


-5" 

g-c 


Na,SiOa,  123.5:  15. 

0.01052  6.4® 

•05239  5-86 

.1048  5.28 

.2099  4.66 

•5233  3-99 
HCU  36.46 : 

«-3,  6,  13,  18,  22. 

0.00305  3.68° 

.00695  3'^ 

.0100  3.6 

•01703  3-59 

•0500  3.59 

.1025  3.56 

.2000  3.57 

.3000  3.612 

.464  3.68 

•5'6  3.79 

1003  395 

1.032  4.10 

1.500  4.42 

2.000  4.97 

2.1 15  4.52 

3.000  6.03 

3053  4.90 

4.065  5.67 

4J657  6.19 

HNO3,  63.Q5 :  3,  13,  15. 

0.02004  3.55° 

•05015  3-50 

•0510  3.71 

.1004  3.48 

•^059  3.53 

-2015  3.45 

.250  3.50 

.500  3.62 

1. 000  3.80 

2.000  4.17 

3.000  4.64 
H3PO,,  66.0 :  29. 

0.1260  2.90° 

.2542  2.75 

•5171  2.59 

1.07 1  2.45 
HPO,  8a  o :  4,  5. 

0.0745  3.0'* 

.1241  2.8 

.2482  2.6 

1. 00  2.39 

HsPOi,  98.0:  6,  22. 

0.0100  2.8® 

.0200  2.68 

.0500  2.49 

.1000  2.36 

.2000  2.25 


g.  mol. 

1000  g.  UxO 


■II 


0.472 

•944 
1.620 


2.20° 

2.27 

2.60 


(COOH),,  90.0a:  4,15. 

0.01002  3.3® 

.02005  3.19 

.05019  3.03 

.1006  2.83 

.2022  2.64 

.366  2.56 

.648  2.3 

C,H;KOH)8, 92.06: 24, 2«. 
0.0200  1.86® 

.1008  1.86 

.2031  1.85 

•535  I -91 

2.40  1.98 

5.24  2.13 

(C,H,),0,  74-08:  34 
0.0100  1.6® 

,0201  1.67 

.1011  1.72 

.2038  1.702 

Dextrose,  x8o.x:  24, 
0.0198 
.0470  1.85 

.1326  1.87 

.4076  1.894 

.  1. 102  I.921 

Levuloee,  xSo.x :  24,  25. 

1.87® 
1.87 1 
2.01 
2.32 

304 
24,26. 
1.90® 
1.87 
1.86 
1.88 
1.88 


14.  30. 
1.84" 


0.0201 
.2050 

-554 
1.384 

2.77 
CHO,  342.3 :  I 

0.000332 
.001410 
,009978 
.0201 

•1305 
H3SO4, 98.08 : 

«3i  20,  31-33 


0.00461 
.0100 
.0200 
.0461 
.100 
.200 
.400 

1. 000 

1.500 

2.000 

2.500 


4.8® 

4-49 
4.32 
4.10 

3-98 
4.19 

4.90 

5-65 

6.53 


1-20  Set  puge  2x7.  , 

21  Sherrifl,  Z.  Phys.  Ch.  43,  1903. 

22  Chambers- Frazer,  Am.  Ch.  J.  23,  1900. 

23  Noyes-Whitney,  Z.  Phys.  Ch.  15,  1894. 

24  Loomis,  Z.  Phys.  Ch.  32,  1900. 

25  Abegg,  Z.  Phys.  Ch.  15,  1894. 

26  Nernst- Abegg,  Z.  Phys.  Ch.  15,  1894. 

Smithsonian  Tables. 


27  Pictet-Altschul,  Z.  Phys.  Ch.  16,  1895. 

28  Barth,  Z.  Phys.  Ch.  o,  1892. 

29  Petersen,  Z.  Phys.  Ch.  ix,  1893. 

30  Roth,  Z.  Phys.  Ch.  43,  1903. 

31  Wildermann,  Z.  Phys.  Ch.  15,  1894. 

32  Jones-Carroll,  Am.  Ch.  J.  28,  1902. 

33  Jones-Murx;»y,  Am.  Ch.  J.  30, 1903. 


210  Table  226. 

RISE  OF  BOILING-POINT  PRODUCED  BY  SALTS  DISSOLVED  IN  WATER.* 

This  table  gives  the  number  of  fprams  of  the  salt  which,  when  dissolved  in  loo  grams  of  water,  will  raise  the  boil- 
ing-point by  the  amount  stated  in  the  headings  of  the  different  columns.  The  pressure  is  supposed  to  be  76 
centimeters. 


Salt. 

• 

1 

=>€. 

20 

1 

8° 

4° 

6'^ 

70 

10° 

.5  rise 

16° 

200 

88' 

BaCl2+2H20    . 

15.0 
6.0 

3i-> 

47.3 

63.5 

(7 1.6  gives  4® 

of  temp.) 

CaCl2 

11.5 

165 

21.0 

25.0 

32.0 

41.5:      55.5 

69/) 

84.5 

Ca(N08)2  +  2HaO     . 

12.0 

25-5 

39.5 
1^.6 

18.0 

53-5 

68.5 

I0T.0 

152.5;    2400 

331-5 

443  5 

KOH 

47 

9-3 

17.4 

20.5 

26.4 

34.5       47.0 

57-5 

67.3 

ICCsHgOa    •        •        ■ 

6.0 

12.0 

245 

31-0 

44.0 

63.5       98.0 

134-0 

171.5 

KCl     .        .        .        . 

9.2 

16.7 

23.4 

29.9 

36.2 

48.4 

(57-4 

1                  1 
jives  a  rise  of  8*'.5)          ,  | 

KjCOg 

11.5 

22.5 
27.8 

32.0 

40.0 

47-5 

60.5 

78.5 

'03-5 

127.5 

>52.5 

KClOs 

132 

44.6 

62.2 

KI       .        .        .        . 

15.0 

30.0 

45-0 

60.0 

74.0 

99-5 

1^8.5 

185.0 
338.5 

(220  gives  18^.5)  1 

KNOs         .        ... 

1 5-2 

31.0 

47.5 

64.5 

82.0 

120.5 

1 

i 

K2C4H4O6  +  iHjO  . . 

18.0 

36X) 

54.0 

72.0 

90.0 
84.8 

126.5 

182.0 

284.0 

1 

KNaC4H406       . 

17.3   345 

5' -3 

84.0 

68.1 

1 19.0 

171.0 

272.5 

390.0 

5100 

KNaC4H406  +  4H2O 

25-0  53-5 

1 18.0 

157.0 

266.0 

554.0 

5510.0 

LiCl    .... 

3-5 

7.0 

1 0.0 

12.5 

15.0 

20.0 

26.0 

35-0 

42i5 

50.0 
100.5 

LiCl  -f  2H2O      . 

6.S 

13.0 

19.5 

26.0 

32.0 

44.0 

62.0 

92.0 

123x5 

MgCl2  +  6H20  . 

II.O 

22.0 

33-0 
138.0 

44.0 

SS-o 
262.0 

77.0 

1 1 0.0 

170.0 

241.0 

334-5 

MgS04  -h  zHjO 

41-5 

87.5 

196.0 

NaOH 

6!^ 

8.0 

"■3 

14.3 

17.0 

22.4 

30.0 

41.0 

5I-0 

60.1 

NaCl  .... 

12.4 

17.2 

^i-5 

48.0 

32-5 
68.0 

(40.7  gives  S^.S  rise) 

1 

1 

NaNOa 

9.0 

18.5 

28.0 

38.0 

99.5 

156.0 

222.0 

1 

NaCjHsOa  4- 3H2O  . 

14.9 

30.0 

46.1 

62.5 

79-7 

1 18. 1 

194.0 

48ao 

6250.0 

Na2S208     . 

14.0 

27.0 

390 

t^ 

59.0 
85-3 

77.0 

104.0 

152.0 

214.5 

311JO 

Na2HP04   . 

17.2 

34.4 

5'-4 
68.2 

Na2G4H4()6  +  2H2O  . 

21.4 

44.4 

93.9 

121.3 

183.0 

(237.: 

gives  8°.4  rise)                 || 

Na2S208  -f  sHjO       . 

23.8 

50.0 

78.6 

108. 1 

139.3 

2 1 0.0 

400.0 

1765.0 

! 

Na2C08  4-  10H2O      . 

34-1 

86.7 

177.6 

Si 

1052.9 

• 

Na2B407  -f  10H2O    . 

39- 

93.2 

254.2 

(5555-5  gives  4°. 5  rise) 

NH4CI 

6.5 

12.8 

19.0 

24.7 

29.7 

39.6 

56.2       88.5 

1 

NH4NO8    . 

10.0 

20.0 

30.0 

41.0 

52.0 

74.0 

108.0     172X) 

248.0 

337-0  ! 

NH4SO4     . 

15.4 

30.1 

44.2 

58.0 

71.8 

99.1 

(115.3  gives  108.2) 

SrCl2  +  6H20   . 

20.0 

40.0 

60.0 

81.0 

103.0 

150.0 

234.0 

524.0 

1 

Sr(NOs)2     . 

24.0 

45.0 

63.6 

81.4 

07.6 

C4H6O8 

17.0 

34-4 

52.0 
02.0 

70.0 

87.0 

123.0 

177.0 

272.0 

374-0 

484.0 

C2H2O4  -1-  2H2O 

19.0 

40.0 

86.0 

1 1 2.0 

i6q.o 

262.0 

540.0 

1316.0 

50000.0 

CbHsOt  +  H2O 

29.0 

58.0 

87.0 

1 1 6.0 

145.0 

208.0 

320.0 

5530 

952.0 

1 

Salt. 

400 

80° 

80° 

lOO'' 

180^ 

liO^" 

180° 

180° 

800° 

1 
2400 

CaCla  . 

137.5 

1 

222.0 

314.0 

KOH   . 

92.5 

I2I.7 

152.6 

185.0 

1     219.8 

263.1 

312.5 

375-0 

444.4 

623.0 

NaOH 

,§35 

150.8 

230.0 

345-0 

526.3  '  800.0 

1333-0 

2353-0 

6452.0 

— 

NH4NO8      . 

682.0 

1370.0  , 

3400.0 

4099.0 

8547.0 

00 

C4H6()6 

980.0 

3774.0  ^ 

inftnit 

y  gives 

170) 

*  Compiled  from  a  paper  by  Gerlacht  "  Zeit.  f.  Anal.  Chem.*'  vol.  36. 
Smithsonian  TaatCB. 
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Column  I  gives  the  name  of  the  principal  refrigenitinK  substance,  A  the  proportion  of  that  substance,  B  the  propor> 
tion  of  a  second  subsunce  named  in  the  column.  C  the  proportion  of  a  third  subsUnce,  D  the  temperature  of  the 
substances  before  mixture,  E  the  temperature  of  the  mixture,  ^the  lowering  of  temperature.  G  the  temperature 
when  all  snow  is  melted,  when  snow  is  used,  and  H  the  amount  of  heat  absorbed  in  heat  units  (small  calones  when 
A  is  grams).    Temperatures  are  in  Centifn^e  degrees. 


Substance. 

A 

B 

C 

D 

E 

F 

G 

H 

NaCaHaOa  (cryst.) 

85 

HaO-ioo 

_» 

10.7 

—  47 

IJ5.4 
18.4 

^ 

1 

NH«C1 . 

30 

U               *( 

- 

133 

—  5> 

— 

- 

NaNOg. 

75 

{<                {4 

- 

»3'2 

—  8.0 

18.5 

- 

- 

NaaSaOs  (cryst)    . 

tio 

(1                4< 

— 

10.7 

18.7 

- 

- 

KI. 

140 

<4               «l 

- 

10.8 

—  1 1.7 

22.5 

- 

— 

CaClj  (cryst) 

% 

{(                li 

- 

10.8 

— 12.4 

23.2 

- 

- 

NH4NO8       . 

44               44 

- 

13.6 

—  13.6 

27.2 

- 

- 

(NH4)aS04   . 

25 

"             50 

NH4NO8-25 

— 

— 

26.0 

- 

- 

NH4CI  . 

25 

44               44 

44           44 

- 

- 

22.0 

- 

- 

CaCls    • 

25 

it               4< 

44                       44 

— 

- 

20.0 

— 

— 

KNO,    . 

25 

44               44 

NH4CI-25 

- 

— 

20.0 

— 

- 

Na«S04 

25 

44               44 

44                  44 

- 

— 

19.0 

— 

- 

NaN08. 

25 

44               44 

(4                 .4 

— 

— 

17.0 

- 

— 

KaS04  . 

10 

Snow  100 

— 

—  I 

—  1.9 

0.9 

- 

NajCOa  (cryst)     . 

20 

44                 44 

— 

—  I 

—  2.0 

I.O 

- 

- 

KNOs   . 

13 

44                 44 

— 

—  I 

-28s 

1.85 

— 

- 

1  CaCla    .        •        . 

30 

44                 4< 

- 

—  I 

— 10.9 

9.9 

— 

- 

NH4CI  . 

25 

14                  44 

- 

—  I 

—  15.4 

—  IO-75 

14.4 

- 

- 

NH4NO8 

45 

44                 44 

- 

—  I 

1575 

- 

- 

NaNOg . 

50 

44                 44 

— 

—  I 

—  1775 

16.75 

- 

— 

NaCl     . 

33 

44                 44 

— 

—  I 

—  21.3 

20.3 

- 

— 

**          1.007 

— 

—  I 

—  37-0 

36.0 

—  37.0 

0.0 

"           1.26 

- 

— - 1 

—  36.0 

35-0 

—  30.2 

17.0 

H8S04  4-  HjO 
(66.i%H,S04)      ' 

"           1.38 
"           2.52 

"          4.32 

— 

—  I 

—  35-0 

—  30.0 

—  25.0 

34-0 
29.0 
24.0 

—  25.0 

—  12.4 
—  7.0 

27.0 

1330 
2730 

"     7-92 

— 

—  I 

—  20.0 

19.0 

—  31 

553-0 

k 

"   13.08 

- 

—  I 

— 16.0 

15.0 

—  2.1 

967.0 

"     0.35 

— 

0 

— 

— 

0.0 

52.1 

"       .49 

— 

0 

— 

— 

—  19.7 

49-5 

J" 

"       .61 

— 

0 

— 

— 

—  39-0 

40.3 

CaCIs  +  6HjO      ' 

"       ,70 
"       .81 

: 

0 
0 

~ 

: 

—  54-9t 

—  40.3 

30.0 
46.8 

"     1.23 
"     2.46 

— 

0 

— 

— 

—  21.5 

88.5 

— 

0 

— 

— 

—  9.0 

192.3 

h 

"     492 

— 

0 

— 

— 

—  4,0 

392-3 

Alcohol  at  4<* 

77 

COa  solid 

.  ^^ 

0 

—  30.0 

—  72.0 

^^ 

: 

"~ 

Chloroform    . 

- 

44               44 

— 

— 

—  77.0 

- 

— 

— 

Ether 

— 

44               44 

- 

— 

—  77.0 

— 

— 

- 

Liquid  SOs    . 

— 

44               44 

- 

— 

—  82.0 

— 

- 

- 

HaO-.75 

— 

20 

5.0 

— 

— 

33-0 

*•     .94 

— 

20 

—  4.0 

— 

-- 

21.0 

44       44 

— 

10 

—  4.0 

— 

- 

34.0 

44       44 

— 

5 

—  4.0 

— 

— 

40.5 

Snow     " 

- 

0 

—  4,0 

— 

- 

122.2 

NH4NO8       . 

H2O-1.20 

— 

10 

—  14.0 

— 

— 

17.9 

Snow     " 

— 

0 

—  14.0 

- 

— 

129.5 
10.6 

HaO-i.3i 

— 

10 

—  17-5+ 

- 

— 

Snow     " 

— 

0 

—  17-5+ 

- 

- 

I3I-9 

H2O-3.61 

— 

10 

—  8.0 

— 

— 

%0      ^ 

0.4 

■ 

Snow     " 

0 

—  8.0 

327-0 

*  Compiled  from  the  results  of  Cailletet  and  Colardeau,  Hammerl,  Hanamann,  Moritz,  Pfanndlerf  Rudorf,  and 
Tollinger. 

t  Lowest  temperature  obtained. 

8iiiTMao«iAN  Taslcb. 


2[I2 


Table  228. 


CRITICAL  TEMPERATURES,  PRESSURES,  VOLUMES,  AND  DENSITIES  OF 

OASES.* 

B  =  Critical  temperature. 

/» =r  Critical  pressure  in  atmospheres. 

0  =  Critical  volume  referred  to  volume  at  o®  and  76  centimeters  pressure. 

</  =  Critical  density  in  grams  per  cubic  centimeter. 

a,  b,  Van  der  Waals  constants  infp  +  — gj     (v  —  bj  =  i+at. 


Substance. 

0 

P 

* 

d 

aXio" 

bXio« 

1 
Obsenrer 

Air          ,    •    . 

— 140.0 

39-0 

^, 

. 

257 

1560 

I 

Alcohol  (C2H6O)   . 

243.6 

62.76 

0.00713 

0.288 

2407 

3769 

2 

•*        (CH4O)    . 

23995 

78.5 

- 

- 

1898 

2992 

3 

Ammonia 

130-0 

1 1 5.0 

- 

798 

1606 

4 

•Argon     . 

""'J^^ 

52.9 

— 

259 

1348 

5 

Benzol    . 

288.5 

47-9 

/ 

0.305 

3726 

5370 

Bromine 

302.2 

~ 

0.00605 

1. 18 

1434 

2020 

6 

Carbon  dioxide 

31.2 

73- 

0.0044 

0.46 

7J7 

1908 

—      1 

"        monoxide . 

—141. 1 

35-9 

- 

- 

275 

1683 

7 

"       disulphide 

873. 

72.9 

0.0090 

— 

23»6 

3430 

8 

Chloroform 

260.0 

54.9 
83-9 
93-5 

- 

- 

2930 

4450 

9 

Chlorine 

II 

• 

141.0 
146.0 

^ 

^ 

1063 
3496 

2259 
2050 

4      ' 
10 

Ether 

197.0 

35-77 

0.01584 

0.208 

6016 

II 

II 

• 

194.4 

35-61 

0.01344 

a262 

3464 

6002 

3 

Ethane  . 

321 

49-0 

— 

— 

1074 

2848 

12 

Ethylene 

<— 268.0 

51. 1 

- 

- 

886 

2533 

— 

Helium  . 

2.3 

— 

- 

5 

700 

13 

Hydrogen 

— 240.8 

14. 

~ 

— 

42 

880 

14 

"          chloride . 

51-25 

86.0 

- 

- 

692 

1726 

15 

11               *« 

52.3 

86.0 

- 

a6i 

697 

1731 

"          sulphide . 

100.0 

88.7 

— 

- 

888 

1926 

Krypton 
Methane 

— 62.5 
—81.8 

54-3 
54-9 

_ 

_ 

462 
376 

1776 
1625 

a 

—95.5 

50.0 

— 

— 

357 

4.     1 

Neon 

< — 205.0 

29. 

— 

— 

— 

- 

5*^3 

Nitric  oxide  (NO)  . 

—93-5 

71.2 

- 

— 

257 

1 160 

Nitrogen 

— 146.0 

350 

- 

0.44 

259 

1650 

"        monoxide 

(N2O) 

35-4 

75.0 

0.0048 

0.41 

720 

1888 

4,17, 

Oxygen  . 

— 1 18.0 

50.0 

- 

0.6044 

273 

1420 

I 

Sulphur  dioxide 

1554 
358.1 

78.9 

0.00587 

0.49 

1316 

2486 

9M 

Water    . 

- 

0.001874 

0.429 

- 

— 

6 

It 

•        .        . 

374. 

217.5 

■ 

" 

1089 

1362 

16 

(i)  Olszewski,  C.  R,  98,  1884;  99,  1884;  100, 
1885;  Beibl.  14,  1890;  Z.  Phys.  Ch.  16, 
1893. 

(2)  Ramsay-Younjr,  Tr.  Roy.  Soc.  177,  1886. 

(3)  Youngi  Phil.  Mag.  1900. 

(4)  Dewar,  Phil.  Mag.  18, 1884  ;  Ch.  News,  84, 

1901. 

(5)  Ramsay,  Travers,  Phil.  Trans.  16,  17,  1901. 

(6)  Nadejdine,  Beibl.  9,  1885. 

(7)  Wroblcwski,  Wied.   Ann.   20,    1883 ;    Stz. 

Wien.  Ak.  91,  1885. 

(8)  Batelli,  1890. 


i 


(9)  Sajotschewsky,  Beibl.  3,  1879. 

(10)  Knietsch,  Lieb.   Ann.   259,  1890. 

(11)  Batelli,  Mem.  Torino  (2),  41, 1890. 

12)  Cardozo,  Arch.  sc.  phys.  30,  191a 

13)  Kamcrlingh-Onnes,    Comno.    Phys.  tab. 
I^iden,    1908,   1909,   Proc.   Amst  11, 

1908,  C.  R.  147,  1908. 
(14)  Olszewski,  Ann.  Phys.  17,  1905. 


(15)  Ansdcll,  Chem.  News,  41,  i 

(16)  Holborn,  Baumann  Ann.  Phys.  31, 1910 

(17)  Cailletet.C.  R.  102, 1886;  104,  1887. 


'Abridged  for  the  most  part  from  Landolt  and  Bornstein's  "Phys.  Chem.  Tab.'* 
Smithsonian  Tables. 
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CONDUCTIVITY  FOR  HEAT.  METALS  AND  ALLOYS. 
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The  coefficient  k  is  the  quantity  of  heat  in  small  calories  which  is  transmitted  per  second  through 
a  plate  one  centimeter  thick  per  square  centimeter  of  its  surface  when  the  difference  of  tempera- 
ture between  the  two  faces  of  the  plate  is  one  degree  Centigrade.  The  coefficient  k  is  found  to 
vary  with  the  absolute  temperature  of  the  plate,  and  is  expressed  approximately  by  the  equation 
kt  -  kj[i  +  a(t  -  to)2'  ^0  is  the  conductivity  at  <o,  the  lower  temperature  of  the  bracketed  pairs 
in  the  table,  kt  that  at  temperature  /,  and  a  is  a  constant,  kt  in  g-cal.  per  degree  C  per  sec.  across 
cm  cube  »  0.239  Xktin  watts  per  degree  C  per  sec.  across  cm  cube. 


Substance 


Aluminum 

•  •  ■   • 

•  •  •  • 

■  •  •  ■ 

•  •  •  « 

•  •  •  • 

•  «  •  • 

Antimony . . . . 


Bismuth. 

(( 
Brass. .. 


,  yellow. . 
I  red .... 
Cadmium,  pure 


Constantan. . . 
(60  Cu+40  Ni) 
Copper,*  pure. 


tt 


(t 


German  silver. 

Gold 

Graphite 

Iridium 

Iron,t  pure . . . 


tt 


it 


Iron,  wrought. 


tt 


tt 


tt 


"    steel,  1% 

C 

Lead,  pure 


K 

tt 


tt 


tt 


Magnesimn 

Manganin. 

"  (84CU+4 
NiiaMn) 


/•c 

kt 

a 

„        Rcfcr- 
mce. 

-160 

0.514 

m^mm^ 

18 

0.480  \ 

100 

0.492  1 

+.0030 

2 

200 

o.54s\ 

400 

0. 760  f 

+    0020 

3 

soo 
600 

0.885) 
1. 01    / 

+.0014 

3 

0 
100 

0.0442  "1 
0.0396  / 

-  . 00104 

4 

-186 

0.025 



5 

18 
100 

0.0194'! 
0.0161 J 

-.0021 

2 

-160 

0.181 

I 

17 

0.260 



I 

0 

0.204 

+.0024 

4 

0 

0.246 

+.0015 

4 

-160 

0.239 

I 

18 
100 

0.222  \ 
0.215/ 

-.00038 

2 

18 
100 

0.0540! 
0.0640/ 

+.00227 

2 

-160 

1.079^ 

I 

18 
100 

0.918  \ 
0.908/ 

-.00013 

2 

0 

0.070 

+.0027 

4 

17 

0.705 

-.00007 

6 

17 

0.037 

+.0003 

6 

17 

0.141 

-.0005 

8 

18 

0.161  1 
0.151/ 

-.0008 

2 

100 

-160 

0.152 

I 

18 

0.144I 

—.00008 

2 

100 

0.143/ 

18 

o.io8\ 

^  > 

—.0001 

2 

100 

0.107/ 

-160 

0.092 



I 

18 
100 

0.083  \ 
0.081/ 

-.0001 

2 

otoi 
100 ) 

0.376 



4 

~i6o 

0.035 



I 

18 
100 

0.0519  1 
0.0630/ 

+.0026 

2 

Substance. 


Mercury .... 
It 

•  •    •  • 

Molybdeniun 

Nickel 

tt 

It 
It 
tt 
tt 
tt 
tt 

Palladium.. . 

Platinum.. .. 
tt 

• .  * . 

Pt  10%  Ir  .. 

Pt  10%  Rh. 

Platinoid 

Potassium. . . 

It 

... 

Rhodium 

Silver,  pure. . 

Sodium 

tt 

Tantalum. . . 
tt 

•  •   ■ 

•  a     • 

•  •     • 

Tin 

tt 

"  ,  piure. . . . 
Tungsten. . . . 

Tungsten. . . . 

.  •  • . 
(I 

.... 
tt 

.   •     •      a 

Wood's  alloy 
Zinc,  pure. .. 

tt       tt 

tt       tt 


/•C 


170.476 

i.249\ 

0.272  f 

0.294I 

28000.313/ 

—    0.319 

-1600.278 

180.26531 
1000.2619/ 


+.0055 

7 

-.0001 

6 

T 

— 

2 

-.00032 

3 

-.00095 

3 

-.00047 

3 

+.0010 

2 

+.00051 

+.0002 
+.0002 


-.0013 
—.0010 

-.00017 


-.0012 

8 

—.0001 

6 



9 

+  .00032 

9 

-.00069 

4 

I 

—.0001 

+.00023 
+.00016 


—.00016 


by 


6 
6 
I 

8 

6 

I 


10 

10 

7 
I 


References:  (i)  Lees,  Phil.  Trans.  1908;  (2)  Jaeger  and  Diesselhorst,  Wiss.  Abh. 
Phys.  Tech.  Reich.  3,  1900;  (3)  Angell,  Phys.  Rev.  191 1;  (4)  Lorenz;  (5)  Macchia, 
1907;  (6)  Barratt,  Pr.  Phys.  Soc.  1914;  (7)  H.  F.  Weber,  1879;  W  Hombeck,  Phys. 
Rev.  1913;   (9)  Worthing,  Phys.  Rev.  1914;    (10)  Worthing,  Phys.  Rev.  191 7. 


*  Copper:   ioa-197'*  C,  kt  -  1.043;   100-268*,  0.969;   100-370®,  0.931;   100-541*,  0.902  (Her- 
ing;  for  reference  see  next  page). 

t  Iron:   100-727*  C,  kt  «  0.202;   ioa-912*,  0.184;   100-1245*,  0.191  (Hcring). 
Smithsonian  Tables. 
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Tables  SSO-iSl. 
CONDUCTIVITY  FOR  HEAT. 
TABLE  230. — Thennal  Conductivity  at  High  Temperatures. 
(See  also  Table  229  for  metals;  k  in  gram-calories  per  degree  centigrade  per  second  across  a  centimeter  cnbe.) 


a 


MaterLI. 


Amorphovis  carbon . . 


Graphite  (artificial) . . , 


Tempera- 
ture, 

•c 


37-163 
170-330 
240-523 

283-597 
100-360 

100-751 
100-842 
100-390 
100-546 
100-720 
X00-914 
30-2830 
2800-3200 

QO-IIO 
l3o-I20 
500-700 


.028-. 003 
.027-. 004 
.020-. 003 

.Oil-. 004 

.089 
.124 
.129 
.338 

.324 
.306 
.291 

•  .162 
.002 

•  55-- 45 
.44-. 34  . 
.31-.  22 


I 
I 
I 
I 

2 
a 
2 

2 
3 
2 
2 
I 
I 
I 
I 
I 


Material. 


Brick:  Carborundum 

Building 

Terra-cotta 

Fire-clay . . 

(jas-retort. . 

Graphite. . . 

Magnesia. . . 

Silica 

Granite 


Limestone. 


Porcelain  (Sevres) . . 
Stoneware  mixtures. 


Tempera- 

ture, 

k 

•c 

X 

X 50-1 200 

.0032-.  027 

15-1x00 

.00x8-.  0038 

125-1220 

.0032-. 0054 

X00-XX25 

.0038 

300-700 

.024 

S0-1130 

.0027-.  0072 

xoo-xooo 

.002  -.0033 

100 

.0045-. 0050 

200 

.0043-0097 

500 

.0040 

40 

.0046-. 0057 

xoo 

.0039-. 0049 

350 

.0032-. 0035 

X65-IOSS 

.0039-0047 

3 

70-xooo 

.0029-. 0053 

3 

References:  (i)  Hansen,  Tr.  Am.  Electrochem.  Sec.  x6,  329,  1009;  (2)  Hering,  Tr.  Am.  Inst.  Elect. 
Eng.  XQiOf  (3)  BuL  See  Encouragement,  xix,  879,  1909;  Electrocn.  and  Met  Ino.  7,  383,  433,  1909;  (4) 
Poole,  PhiL  Mag.  24,  45,  19x2;  see  also  Clement,  Egy,  Eng.  Exp.  Univers.  111.  Bull.  36,  1909;  Dewey,  Pn^- 
gressive  Age,  27,  772,  X909;  Woolson,  Eng.  News,  ^8,  x66,  X907,  heat  transmission  by  concretes:  Richards, 
Met.  and  Chem.  Eng.  xx,  575,  1913.  The  ranges  m  values  under  x  do  not  depend  on  variability  in  ma- 
terial but  on  possible  errors  in  method;  reduced  from  values  expressed  in  other  units. 


TABLE  231. — Thermal  Conductivity  of  Various  Substances. 


Substance,  temperature. 


Aniline  BP  x83*  C,  -160. , 

Carbon,  gas 

Carbon,  graphite 

Carborundum 

Concrete,  cinder 

stone 

Diatomic  earth 

Earth's  crust 

Fire-brick 

Fluorite,  —190 

Fluoritc,  o 

Glass:  window 

crown,  OM71,  —190.- , 

crown,  0WT3,  o 

crown,  o»7i,  xoo. ... 

h'vy  flint  oim,  — X90. 

h'vy  flint  oig»,  o. ... 

h'vy  flint  oim,  xoo.  . , 

Glycerine,  — x6o 

Granite 

Ice,  — x6o 

Ice,  o 

Iceland  spar,  — xgo 

Iceland  spar,  o 

Lime 

Limestones,  calcite  \  . . .  .^ .. 
Marbles,  dolomite  /  ...... 

Mica 

Flagstone  _l.  to  cleavage — 
Micaceous  1|  to  cleavage  — 


kt 


.OOOXX2 
.0X0 
.0x2 
.00050 

.ooo8x 

.0022 

.000x3 

.004 

.00028 

.093 

.025 

.0025 

.ooxx8 

.00280 

.00324 

.ooo8x 

.00x70 

.ooxSx 

.00077 

.0053 

.0066 

.0050 

.038 

.0103 

.00029 

.0047  to 

.0056 

.00x8 

.0063 

.0044 


Refer- 
ence. 


3 

4 

4 
5 
5 

5 
5 
5 
5 
5 
5 

X 

6 

X 

X 

5 
5 
4 
6 
6 

6 
6 


Substance,  temperature. 


Naphthaline  MP  79"  C,  --160  . . . 

Naphthaline  MP  79"  C,  o 

Naphthol  —  fi,  M:P  122'  C,  -x6o. 

Naphthol,  o 

Nitrophenol,  MP  114*  C,  —160. . . 

Nitn^henol,  o 

Paraffin  MP  54*  C,  —160 

Paraffin,  o 

Porcelain .* 

Quartz  J_  to  axis,  —190 

"     fO 

"     ,xoo 

Quartz  ||  to  axis,  o 

Rock  salt,  o.. 

Rock  salt,  30 

Rubber,  vmcanized,  — x6o 

Rubber,  o 

Rubber,  para 

Sand,  white,  d:y 

Sandstone,  dry 

Sawdust 

Slate  JL  to  cleavage 

Slate  II  to  cleavage 

Snow,  fresh,  dens.  <■  o.ix 

Snow,  old 

Soil,  average,  sl't  moist 

Soil,  very  dry 

Sulphur,  rhombic,  o 

Vaseline,  20 

Vulcanite 


kt 

Refcr- 

oce. 

.00x3 
.oooSx 

.00068 

.00062 

.00x06 

.00065 
.00062 

.00059 

.0025 
.0586 

.0x73 

.0133 

.0325 
.0167 

.0x50 

^ 

.00033 

.00037 

.00045 

— 

.00093 

6 

.0055 

6 

.000x2 

— 

.0034 
.0060 

6 
6 

.00026 

7 

.00x2 

7 

.0037 

- 

.0037 

— 

.00070 

5 

.00022 

8 

.00087 

9 

References:  (i)  Lees,  Tr.  R.  S.  X905;   (2)  Lorcnx;    (^)  Norton;    U)  Hutton,  BUrd;  (5)  Eucken,  Ann. 
d.  Phys.,  X91X;  (6)  Hexschel,  Lebour,  Dunn,.B.  A.  Committee,  X879;  (7)  Ja 


(9)  Stefan. 


fansson,  X9Q4;  (8)  Melmer,  191  x; 


Smithsonian  Tables. 


Table  Sn. 
THERMAL  CONDUCTIVITIES  OF  BUILDING  MATERIALS. 


2IS 


Conductivity  in  g-caL  flowing  in  i  sec.  through  plate  i  cm  thick  per  cm'  for  i^  C  difference 
of  temperature. 


Material. 


Air 

Calorox. . .  * 

Hair  felt 

Keystone  hair 

Pure  wool 

It     i< 

u       a 
<(       u 

Cotton  wool 

Insulite 

Linofelt 

Corkboard  (pure) 

Eel  grass 

FlazUnum 

Fibrofelt 

Rock  cork 

Balsa  wood 

Waterproof  lith 

Pulp  board 

Air  cell  i  in.  thick 

Air  cell  i  in.  thick 

Asbestos  paper 

Infusorial  earth,  block . . 

Fire-felt,  sheet 

Fire-felt,  roll .•. . 

Three-ply  regal  roofing. . 
Asbestos  mill  board . . . . 
Woods,  kiln  dried: 

Cypress.; 

White  pine 

Mahogany 

Virginia  pine 

Oak 

Hard  maple 

Asbestos  wood,  sanded. . 


Conduc- 
tivity. 


Density, 
g/cm* 


Remarks. 


O.OOC06 

.^^ 

0.000076 

0.064 

0.000085 

0.27 

0.000093 

0.30 

0.000084 

0.107 

0.000084 

0.102 

0.000090 

0.061 

O.OOOIOI 

0.039 

O.OOOIO 

— 

0.000102 

1.9 

0.000103 

0.18 

0.000106 

0.18 

O.OOOII 

0.25 

0.000II3 

0.18 

0.000II3 

0.18 

0.0001I9 

033 

0.00012 

0.12 

0.00014 

0.27 

0.00015 

— 

0.000154 

0.14 

0.000165 

0.14 

0.00017 

0.50 

0.00020 

0.69 

0.000205 

0.42 

0.00022 

0.68 

0.00024 

0.88 

0.00029 

0.97 

0.00023 

0.46 

0.00027 

0.50 

0.00031 

0.5s 

0.00033 

o-SS 

0.00035 

0.61 

0.00038 

0.71 

0.00093 

1.97 

Horizontal  layer,  heated  from  above. 
Fluffy,  finely  divided  mineral  matter. 

Felt  between  layers  of  bldg.  paper. 

Firmly  packed. 
(<  ti 

Loosely  packed. 
Very  loosely  packed. 
Firmly  packed. 

Pressed  wood-pulp  —  rigid,  fairly  strong. 
Vegetable  fibers  bietween  layers  of  paper  — 
soft  and  flexible. 

Indosed  in  burlap. 

Vegetable  fibers — firm  and  flexible. 

Rock  wool  pressed  with  binder,  rigid. 

Very  light  and  soft. 

Rock,  wool,  vegetable  fiber  and  binder,  not 

flexible. 
Stiff  pasteboard. 
Corr.  asbestos  paper  with  air  space. 

(I  U  ft  tl  l(  « 

Fairly  firm,  but  easily  broken. 

Asbestos  sheet  coated  with  cement,  rigid. 

Soft,  flexible  asbestos. 

Flexible  tar  roofing. 

Pressed  asbestos,  firm,  easily  broken. 


Asbestos  and  cement,  vety  hard,  rigid. 


Dickinson  and  van  Dusen,  Am.  Soc.  Refrigerating  £ng.  J.  3,  Sept.  1916. 
Smithsonian  Tables. 


2j5  Tables  233-234. 

CONDUCTIVITY  FOR  HEAT. 

TABLE  883.  — Varioni  SutataaoM. 

kt  is  the  heat  in  gram-calories  flowing  in  i  sec.  through  a  plate  i  cm.  thick  per  sq.  cm.  for  i^ 
drop  in  temperature. 


Sabstance. 


Asbestos  fiber 

85%  magnesia  asbestos  .    . 

Cotton 

<i 

Eiderdown 

Lampblack,  Cabot  number  5 
Quartz,  mesh  200  .... 
Poplox,  i)opped  Na,SiOs  . 
Wool  fibers 

<i  44 


Density. 

OC. 

0.201 

500 

.216 

100 
I  500 

.021 

100 

.101 

It 

.0021 

150 

.109 

•t 

.193 

(  too 

1.05 

500 

200 

500 

0.093 

.015 

100 

•054 

4« 

.192 

M 

K 


.oooiq 

.00016 

.00017 

.00011 1 

.000071 

.00015 

.000046 

.000074 

.000107 

.00024 

.000091 

.000160 

.000118 

.000085 

.000054 


Substance. 


Asbestos  paper  .  . 
Blotting  paper  .  .  . 
Portland  cement  .  . 
Cork,  t,o°C      .     .     . 

Chalk 

Ebonite,  t,  49^ .    .    . 
Glass, 'mean      .    .    . 
Ice  ....... 

Leather,  cow-hide 
"         chamois .    . 

Linen 

Silk 

Caen  stone,  limestone 
Free  stone,  sandstone 


K 


0.00043 
.00015 
.00071 
.0007? 
.0030 
.00037 
.002 
.0057 
.00042 
.00015 
.00031 
.000095 
•0043 

.003I 


Authority. 


SLees-Chorl- 
ton. 

Forbes. 
I  H,  L,  D, 
(     see  p.  205. 

Various. 

Neumann. 

[  I..ee»-Cborl- 
1      ton. 
I 

\  H,  L,  D. 


Left-hand  half  of  table  from  Randolph,  Tr.  Am.  Electroch.  See.  XXI .,  p.  550,  1912;  k|  (Randolph's  values) 
is  mean  conductivity  between  given  temperature  and  about  io°C.  Note  effect  of  compression  (density).  The 
following  are  from  Barratt   Proc.  Phys.  Soc.,  London,  27,  81,  1914. 


Substance. 


Brick,  fire  . 
Carbon,  gas 
Ebonite 
Fiber,  red 
Glass,  soda 
Silica,  fased  . 


Density. 


1.42 
1. 19 
1.29 
2.59 
2.17 


at  ao^C. 


.001  fO 

.00S5 

.00014 

.00112 

.00172 

00237 


at  ioo<^C. 


.00109 

.0095 

.00013 

.00119 

.00 1 82 

.00255 


Substance. 


Boxwood  . 

Greenheart 

Lignumvitx 

Mahogany 

Oak.     .     . 

Whitewood 


Density. 


h 


0.90 
1.08 
1. 16 

0.55 
0.65 

0.58 


at  ao^C. 


.00036 
.00112 
.00060 
.00051 
.00058 
.00041 


at  loo^C. 


.00041 
.00110 
.00072 
.00060 
.00061 
.00045 


The  following  values  are  from  unpublished  data  furnished  bv  C.  E.  Skinner  of  the  Westinghouse  Co.,  Pitta- 
burgh,  Penn.    They  give  the  mean  conductivity  in  gram-calories  per  sec.  per  cm.  cube  per  °C.  when  the  mean 

temperature  of  the  cube  is  that  stated  in  the  table.    Resistance  in  thermal  ohms  (watts/inchVinch/^C.)  =  — 7 

10.6 

conductivity. 


Substance. 


Air-cell  asbestos 

Cork,  ground 

Diatomit 

Infusorial  earth,  natural    .    .    . 

"  "  h*d  pressed  blocks 

Magnesium  carbonate  .... 

Vitnbestos 


Grams, 
per  cm'- 


0.232 
.168 
.326 
.506 
.321 
.450 
.362 


Conductivity. 


100°  C. 


0.00034 
.00015 
.00028 
.00034 
.00030 
.00023 
.00049 


200OC. 


0.00043 
.000x9 
.00032 
.00032 
.00029 
.00025 
.00066 


300°  C. 


0.00050 

.00037 
.00040 
.00033 
.00025 
.00079 


400°  c. 


O.C0042 
.00036 
.00090 


SooOC. 


0.00046 


•ooioa 


Safe   I 
temp,  t 


3*> 
180 
600 

400 

300 
600 


TABLE  884. — Wattr  uia  Salt  Solutiau. 


Substance. 


Water 


©C. 


o 
II 

35 

20 


kt 


0.00150 

.00147 

.00136 
•OOI43 


Authority. 


Goldschmidt,  *ii. 

Lees,  '98. 

Milner,  Chattock,  '98 


Solution 
in  water. 


CuSO* 

KCl 

NaCl 
11 

HjSO* 
fi 

ZnSO« 


Density. 

OC. 

K 

1. 160 

4-4 

0.001 18 

1.026 

>3- 

.00116 

1.178 

4.4 

.00115 

— 

26.3 

.00135 

1.054 

20.5 

.00126 

1. 180 

21. 

.00130 

»I34 

4.5 

.00118 

1. 1 36 

4.5 

.00115 

Authority. 


H.  F.  Weber. 
Graetz. 

H.  F.  Weber. 

Chree. 

H.  F.  Weber. 


Smithsonian  Tables. 


Tables  SSS-iS7. 
TABLE  235.  —  Thennal  Conductivity  of  Organic  liquids. 
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Substance. 


Acetic  acid 

Alcohob:  methyl. . . 

ethyl 

amyl 

Aniline 

Benzole 


•c 

kt 

• 

1 

9-IS 

PC 

.01472 

I 

ZI 

.OS53 

2 

IZ 

.0146 

2 

0 

.0134s 

3 

0 

.OM34 

— 

5^15 

.o«33 

z 

Substance. 


Carbon  disulphide. 

Chloroform 

Ether 

Gjvcerine 

Om:  petroleum... 
"     turpentine. . 


•c 

0 

^15 

ki 

» 

1 

Pi 

•0*387 
.03288 

3 

I 

9-iS 

3S 

.03303 
.0168 

X 

2 

13 
13 

■0«3SS 
'0%32S 

s 
s 

Substance. 


Oils:  olive.. 
"     castor. 

Toluol 

Vaseline 

^lene. 


''C 


o 

as 
o 


kt 


o»395 
01425 
o«340 
.OJ44 

o«343 


4 
4 
3 

2 

3 


References:  (z)  H.  F.  Weber;  (2)  Lees;  (3)  Goldschmidt;  (4)  Wachsmuth;  (5)  .Giaetz. 


TABLE  236.  —  Thennal  Conductivity  of  Gases. 


The  conductivity  of  gases,  kt  —  i(9y  —  5)/iCv>  where  y  is  the  ratio  of  the  specific  heats,  Cp/Cv^  and  u  is 
the  viscosity  coefl&cient  (Jeans,  Dyzuunical  Theory  of  Gases,  Z9z6).  Theoretically^  kt  should  be  independent 
of  the  density  and  has  been  found  to  be  so  by  Kundt  and  Warburg  and  others  within  a  wide  range  of  pressure 
bdow  one  atm.    It  increases  with  the  temperature. 


Gas. 


Ait 

-igx 

<< 

0 

(1 

100 

Ar 

-183 

t« 

0 

If 

zoo 

CO 

0 

COi 

-78 

« 

0 

re 


kt 


o. 0000x80 
0.0000566 
0.00007x9 
0.0000Z42 
0.0000388 
0.0000509 
0.0000542 

0.00002Z9 

0.0000332 


Ref. 

Gas. 

rc 

CO« 

zoo 

CtH4 

0 

He 

-X93 

«< 

0 

«i 

xoo 

Hi 

— X92 

i< 

0 

II 

100 

CH4 

0 

kt 


0.0000496 

0.000039S 

0.000T46 

0.000344 

0.000398 

0.000133 

0.000416 

0.000499 

0.0000720 


Ref. 

Gas. 

fC 

X 

S« 

203 

2 

Ni 

— X91 

X 

i( 

0 

M 

100 

Oi 

— X91 

11 

0 

M 

100 

NO 

8 

NiO 

0 

kt 


0.0000x85 

0.0000x83 

0.0000568 

0.00007x8 

0.0000x72 

0.0000570 

0.0000743 

0.000046 

0.0000353 


Ref. 


3 
4 


References:  (i)  Eucken,  Phys.  Z.  X2,  X9xx;  (2)  Winkelmann,  1875;  (3)  Schwarze,  X903;  (4)  Weber,  19x7. 


TABLE  237.  —  Diffusivities. 

The  diffusivity  of  a  substance  »  A^  »  k/cp,  where  k  is  the  conductivity  for  heat,  c  the  specific  heat  and  p  the  density, 
(Kdvin).    The  values  are  mostly  for  room  temperatures,  about  18**  C. 


Material. 


Aluminum 

Antimony 

Bismuth 

Brass  (yeUow) 

Cadmium 

aST':::::::::::::::::::::: 

Iron  (wrought,  also  mild  steel) . . 
Iron  (cast,  also  x%  carbon  steel) 

Lead 

Magnesium 

Mercury 

Nickel 

Palladium 

Platinum 

Sflver 

Tin 

Zinc 

Air 

Asbestos  (loose) 

Brick  (average  fire) 

Brick  (average  building) 


Diffusivity. 


0.826 
0.139 
0.0678 

0.339 
0.467 
X.133 
X.X82 
O.X73 

O.X2X 

0.237 

0.883 

0.0327 

o.xsa 

0.240 

0.243 

X.737 
0.407 
0.403 

O.X79 
0.003s 
0.0074 
0.0050 


MateriaL 


Coal 

Concrete  (cinder) 

Concrete  (stone) 

Concrete  (light  slag) 

Cork  (ground) 

Ebonite 

Glass  (ordinary) 

Granite 

Ice 

Limestone 

Marble  (white) 

Parafi&n. 

Rock  material  (earth  aver.) 

Rock  material  (crustal  rocks). . . . 

Sandstone 

Snow  (fresh) 

Soil  (clay  or  sand,  slightly  damp) 

Soil  (very  dry) 

Water 

Wood  (pine,  cross  grain) 

Wood  (pine  with  grain) 


Diffusivity. 


o 
o 
o 
o 
o 
o 
o, 
o 
o. 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


002 
0032 

0058 

006 

00x7 

00x0 

OOS7 

OX5S 

OIX3 

0092 
0090 
00098 
01 18 
0064 

0x33 

0033 

005 

003X 

00x4 

00068 

0023 


Taken  from  An  Introduction  td  the  Mathematical  Theory  of  Heat  Conduction,  Ingersoll  and  Zobel,  19x3. 
Smithsonian  Tables. 
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Table  SS8. 
LINEAR  EXPANSION  OF  THE  ELEMENTS. 


In  the  heading  of  the  columns  /  is  the  temperature  or  range  of  temperature;  C  is  the  coefficient  of  linear     . . 

ill  is  the  authority  for  C;  if  is  the  mean  coefficient  of  expansion  between  o*  and  xoo*  C;  a  and  0  are  the  oocffickals 
in  the  equation  It  » lo(x  +  at  +  /3i*),  where  /o  is  the  length  at  o**  C  and  /( the  length  at  <*  C;  Xs  is  the  authorky  tec 
a,  /9,  and  M. 


Substance. 


Alumintmi 

it 

• 

Antimony:  ||  to  axis. . 
_L  to  axis, 
Mean 

Arsenic 

Bismuth:  ||  to  axis... 

_L  to  axs.. 

Mean 

Cadmium 

Carbon:  Diamond . . . 

Gas  carbon . 

Graphite. . . 

Anthracite. . 

Cobalt 

Copper 

Gold..;;;!!!!;!!!!! 

Indium 

Iridium 

Iron:  Soft 

Cast 

Cast 

Wrought 

Sted 

Sted  annealed . 

Lead 

Lead  (cast) 

Magnesium 

N^d •. 

Osmium 

Palladium 

Phosphorus 

Platinum 

Potassium 

Rhodiimi 

Ruthenium 

Selenium 

Silicon 

Silver 

ii 

Sodium 

Sulphur:  Cryst.  mean 

Tdlurium 

Thallium 

Tm 

Zinc 

Zinc  (cast) 


40 
600 
-191  to  +16 

40 
40 
40 
40 

40 
40 
40 
40 

40 
40 
40 
40 
40 
40 
-191  to  +16 

40 

—170 

40 

z8 

40 

40 

-191  to  +16 

— x8  tozoo 

40 

40 

40 
-170 

40 

40 
-191  to  +16 

40 

40 
0-40 

40 

0-50 

40 

40 

40 

40 

40 

-191  to  +16 

o  t0  90 

40 

40 

40 

40 

40 

—  170 


CXio« 


0.2313 
0.3150 
o.  183s 

0.1693 
0,0882 
0.1x52 
0.05S9 

0.1621 
0.Z208 
o.  1346 
0.3069 

0.0x18 
0.0540 
0.0786 
o. 3078 
0.X236 
0.1678 
0.X409 

0.1443 
0.XX7 
0.4x70 
0.088 

0.I3IO 

o.xo6x 

0.0859 

o. XX40 

0.1332 

0.1095 

0.2924 

0.24 

0.2694 

0.X279 

0.10x2 

o.o6s7 

0.XX76 

1.2530 

Q.0899 

0.8300 

0.0850 

0.0963 

0.3680 

0.0763 

o. 192X 

0.X704 

2.20 

0.6^x3 

0.X675 

0.302X 

0.2234 

0.2918 

0.X90 


Ai 


XS 
x6 


xo 

I 


14 


IS 


if  Xxo» 


0.2220 


o.  X056 


0.I3I6 
0.3x59 


0.1666 
o.  1470 

0.090 


0.1089 
0.2709 

0.26X 

o.ioa 


0.6604 


0.189 

x.x8o 
0.3687 

0.3296 
o. 2976 


aXi6« 


. 23536 


.0923 


.X167 
.2693 


ooss 


.X48X 
,x6o7o 
1358 


.11705 

.09x73 
.X038 

.273 


.13460 

.Z1670 
.08868 


,18270 


.2033 
.2741 


fiXi<* 


.00707 


.OIS2 


:^^ 


.0016 


.0x85 

.00403 

.oiia 


.00525^ 
.008330 
.0052 

.0074 


.00331S 

.002187 
.00x324 


.004793 


.0263 
.0234 


As 


2 
5 


6 
6 


13 


6 

5 

6 


z6 


8 
8 

9 
6 

16 

8 

x6 

8 

8 


12 

8 
r6 

12 
12 

6 
6 


References:  (x)  Fizeau;  (2)  Calvert,  Johnson  and  Lowe;  (3)  Chatelier;  (4)  Homing;  (5)  Dittenbcner; 
(6)  Matthies^sn;  (7)  Andrews;  (8)  Holbom-Day;  (9)  Benoit;  (xo)  Pisati  and  De  Franchis;  (xx)  Hagen;  (12) 
Spring;   (x3)  Dav  and  Sosman;   (14)  Griffiths;   (x5)  Dorscy;   (x6)  Grttndsen. 

Tunmtcn:  (L  -  Io)/Io  -  4.44  X  io-«(r  -  300)  +  45  X  io-u(r  -  300)*  +  2.20  X  io-»(r  -  300)*.  £9  -  length 
at  300*  K.  Coefficient  at  300*  K  -  4.44  X  xo-«;  X300*  K,  5.19  X  xo"*;  2300*  K.  7.26  X  io-«.  Worthing,  Phj-s.  Rev. 
1917- 

Molybdenum:  Lt  -  I«(i  +  s •  15/  X  io-«  +  o. oos/ol"  X  xo"*),  for  X9'*  to  - 142*  C;  -  Lo(j  +  5 . ox/  X  io-«  + 
0.00x381*  X  xo-*),  for  X9*  to  +  305*  C;    Schad  and  Hidnert,  Phys.  Rev.  X919. 

The  Holbom-Day  and  Sosman  data  are  for  temperatures  from  20*  to  xooo*  C.    The  Dittenberger,  o*  to  600  C. 
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Table  S8S. 
LINEAR  EXPANSION  OF  MISCELLANEOUS  SUBSTANCES. 
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Tbe  coeflfciait  of  cubical  expansion  may  be  taken  as  three  times  tbe  linear  coefficient.    /  is  the  temperature  or  range 
of  temperature,  C  the  coefficient  of  expansion,  and  A.  the  authority. 


Substance. 


Brass: 
Cast. 
Wire. 


7i.sCu+  27.7  Zn  + 

0.3  Sn  -hojPb.. . 

71  Cu  +  29  2n. ..'. . 

Bronse: 

3  Cu  +  X  Sn 


(4     41       «<    fl    (i 


86.3  Cu  +  9-7  Sn  + 
4Zn 

97.6  Cu  + 
2.2  Sn  + 
0.2  P 
Caoutchouc. 


/hard 
isoft 


Constantan 

Ebonite 

Fluor  spar:  CaFi .... 

German  silver 

Gold-i^tinum: 

2Au  +  iPt 

Gold-copper: 

a  Au  +  I  Cu 

Glass: 

Tube 


Plate 

Crown  (mean) 


Flint 

Jenather-|i6^ 
mometer  1  normal 

59™.. 


•i 


4« 


Gutta  percha 

Ice 

Iceland  spar: 

Paralld  to  axis 

Peroendicular  to  axis 
Leacx-tin      (solder) 

2Pb+iSn 

Maffialium 

Maaganin 

Marble 

Paraffin 


•4 


Platinum-iridium 
loPt  +  xIr 


o-ioo 

<4 


40 

O-IOO 

x6. 6-100 


16.6-350 


16.6-957 


40 

0-80 
II 


i6.7-aS.3 
4-29 

«5.3-3S.4 
o-ioo 


44 

44 
44 
44 
44 

50-60 
41 

o->xoo 

44 

-  X9X  to  +  x6 

ao 
—  aoto—  X 

0-80 
It 

o-ioo 
12-39 

15-X00 
0-16 
X6-38 
3*-40 

40 


CXio« 

A. 

0.1875 

0x930 

. I 783-. X93 

X 
X 

a 

0.1859 
0.1906 

3 

4 

0.1844 

5 

0.  axx6 

S 

O.X737 

s 

0.X782 

3 

0.1713 
0. X708 

6 
6 

0.657-0.686 
0.770 
O.XS23 
0.84a 
0. 1950 
0.  X836 

a 
7 

7 
8 
8 

0.X523 

4 

0.X552 

4 

0.0833 
0.0828 
0.089X 
0.0897 

0.0708 

I 

9 
xo 
xo 

XX 
XX 

o.o8x 

12 

0.058 
0.434 
1.983 
0.51 

X2 

13 
14 

xs 

0. 263X 
0.0544 

6 
6 

0.2508 

0.238 

o.xSx 

O.XX7 

X.0662 

x.3030 

4- 7707  . 

X 

16 

17 
18 
x8 
x8 

0.0884 

3 

Substance. 


Platinum  silver: 
xPt+  2Ag 

Porcelain 

Bayeux. 

(Quartz: 
Parallel  to  axis.. 


Perpend,  toaxb. 
Quarts  glass 


Rock'salt.... 
Rubber,  hard. 


Specidum  metal 

Topaz: 

Parallel    to   lesser 

horizontal  axis. . . 

Parallel  to  greater 

horizontal  axis. . 

Parallel  to  vertical 


axis 

Tourmaline: 
Parallel  to   longi- 
tudinal axis 

Paralld  to  horizon' 

tal  axis 

Tjrpe  metal 

Vulcanite 

Wedgwood  ware. . . 
Wood: 

Parallel  to  fiber: 

Ash 

Beech 

Chestnut 

Ehn 

Mahogany 

Maple 

Oak 

Pine 

Walnut 

Across  the  fiber: 

Beech 

Chestnut 

Ehn 

Mahogany 

Maple 

Oak 

Pine..- 

Wahiut 

Wax:  White 


II 

14 


44 
44 


o-xoo 

20-790 

XOOO-X400 

0-80 

-X9oto  +  16 

0-80 

-190  to +  16 

x6  to  500 

x6-xooo 

5? 

-160 
o-xoo 


44 


44 


44 


44 


x6. '6-254 

o-x8 

o-xoo 


CXxo* 


44 

a. 


•.?* 


44 
44 
44 

41 
44 
44 

44 
44 
44 
44 
44 
44 
44 
44 


io-a6 
26-3  X 

31-43 

43-57 


ox  523 
0.0413 

O.OSS3 

0.0797 
0.0521 

O.  X337 
-0.0026 

O.OOS7 

0.0058 

0.4040 

0.69X 

0.300 

o. X933 


0.0832 
0.0836 
0.0472 

0.0937 

0.0773 
0.1952 
0.6360 
0.^90 


0.095X 
0.0257 
0.06^9 
0.0505 
0.0361 
0.0638 
0.0492 
0.054X 
0.0658 

0.6x4 
0.325 
0.443 
0.404 
0.484 

0.544 

0.3  AX 
0.484 
8.300 
3.120 
4.860 
15.227 


4 
19 
20 

6 

21 

6 

13 
a6 
a6 

3 

a7 
27 

X 


8 
8 
8 

8 

8 

5 
22 

5 


a4 
U 

34 

34 
a4 
34 
34 
34 

34 
34 
34 
34 
34 
34 
34 
34 
35 
35 
»S 
35 


References: 

(x)  Smeaton. 

(2)  Various. 

(3)  Fizesa. 
'4)  Matthiessen. 
:5)  DanidL 

(6)  Benoit. 

(7)  Rohlrausch. 


i 


(8)  Pfaff. 

(9)  Dduc. 

(xo)  Lavoisier  and  Lai^ace. 
(xx)  Pulfrich. 
(x2)  SchotL 
(13)  Henning. 
(x4)  Ruasner. 


Mean. 

Stadthag^. 

FfOhlich. 

Rodwell. 

Braun. 
(20)  DeviDe  and  Troost. 
(2x)  Sched. 


(IS) 
(16) 

(18) 
(19) 


i22)  Mayer. 

23)  GlatzeL 

24)  ViUari. 

(25)  Kop] 


26)  RanSiiU. 
[27)  DorsQT. 
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Table  240. 


CUBICAL  EXPANSION  OF  SOLIDS. 


If  »j  and  vi  are  the  volumes  at  /2  and  /i  respectively,  then  V2  =  «'i  ('  +  C^),  C  being  the 
coefficient  of  cubical  expansion  and  A/  the  temperature  interval.  Where  only  a  single  temperature 
is  stated  C  represents  the  true  coefficient  of  cubical  expansion  at  that  temperature.* 


Subfttance. 

/  or  A/ 

'  C  X  io« 

Authority. 

Antimony 

Beryl 

Bismuth 

Copper 

Diamond 

Emerald 

Galena 

Glass,  common  tube .    . 

hard 

"        Jena,  borosilicate 

59  III     ... 
**        pure  silica  .     .     . 

Gold 

Ice 

Iron 

Lead 

Paraffin 

Platinum 

Porcelain,  Berlin  .  .  . 
Potassium  chloride  .    '. 

**            nitrate     .     . 

"           sulphate  .    . 

Quartz 

Rock  salt 

Rubber 

Silver 

Sodium 

Stearic  acid 

Sulphur,  native    .    .    . 

Tin 

Zinc 

O-IOO 
O-IOO 
O-IOO 
O-IOO 

40 
40 

O-IOO 
O-IOO 
O-IOO 

ao-ioo 

0-80 

O-IOO 

— 20 1 

O-IOO 
O-IOO 

20 

0-100 
20 

O-IOO 
O-IOO 

20 

O-IOO 

50-60 
20 

O-IOO 
20 

33.8-45.5 
13-2-50.3 

O-IOO 
O-IOO 

0.3167 

0.0 1 015 

0.3948 

0.4998 
0.0354 
0.0168 

0.558 

0.276 
0.214 

0.156 
0.0129 
0.441 1 
I.I  250 

0.3550 

0.265 
0.0814 

1.094 
1.967 

1.0754 
0.3840 

1. 21 20 

4.87 

0.5831 
2.1364 

8.1 
2.23 

0.6889 
0.8928 

1 

Matthiessen 

Pfaff 

Matthiessen 
(I 

Fizeau 

Pfaff 
Regnault 

Scheel 

Chappuis 

Matthiessen 

Brunner 

Dulong  and  Petit 

Matthiessen 

Russner 

Duiong  and   Petit 

Chappuis  and  Marker 

Playfair  and  Joule 

tt                 K                    *( 

Tutton 

Pfaff                             j 

Pulfrich 

Russner 

Matthibssen 

E.  Hazen 

Kopp 

Matthiessen 

*  For  tables  of  cubical  expansionr complete  to  1876,  see  Clark's  Constants  of  Nature,  Smithsonian  Collections,  289. 
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If  Vo  is  the  volume  at  o°  then  at  /®  the  expansion  formula  is  Vt  =  Vo{i  +a/  +  i8^  +  7^)- 
The  table  gives  value9  of  .a,  /3  and  y  and  of  C,  the  true  coefficient  of  cubical  expansion,  at  20^ 
for  some  liquids  and  solutions.  A/  is  the  temperature  range  of  the  observation  and  A  the 
authority. 


Liquid. 


«( 


<i 


«i 


«« 


press. 
(I 


Acetic  acid 
Acetone 
Alcohol : 

Amyl 

Ethyl,  30%  by  vol. 

99.3%    " 
500  atmo 

3000      ** 

Methyl     .... 

Benzol 

Hromme 

Calcium  chloride : 

5.8%  solution    . 

40.9%        " 
Carbon  disulphide    . 

500  a^mos.  pressure 

30CO      ** 
Carbon  tetrachloride 
Chloroform      .    . 

Ether 

Glycerine     .     .    . 
Hydrochloric  acid : 

33.2%  solution  . 
Mercury  .... 
Olive  oil .  .  .  . 
Pentane  .... 
Potassium  chloride : 

24.3%  solution  . 
Phenol  .... 
Petroleum : 

Density  0.8467  . 
Sodium  chloride : 

20.6%  solution  . 
Sodium  sulphate : 

24%  solution  . 
Sulphuric  acid : 

10.9%  solution  . 

100.0%  .... 

Turpentine .    .     . 

Water     .... 


A/ 


16-107 
0-54 

.15-80 

i»-39 

0-39 
27-46 

0-40 

0-40 

0-61 

11-81 

0-S9 

18-25 

17-24 

-34-60 

0-50 

0-50 

0-76 

0-63 

-15-38 


0-33 
o-ioo 

0-33 

16-25 

36-157 

24-120 

0-29 
11-40 

0-30 

0-30 

106 

0-33 


a  10^ 


1.0630 
1.3240 

0.9001 
0.2928 

0.7450 
1. 01 2 

0.866 
0.524 
1.1342 
1. 1 7626 
1. 062 18 

0.07878 

0.42383 

1. 13980 

0.940 

0.581 

1. 1 8384 

1.10715 

i.5»324 
0.4853 

0.4460 
ai8i82 
0.6821 
1.4646 

0.2695 
0.8340 

0.8994 

0.3640 

0-3599 

.0.283c 
0.5758 
0.9003 
.06427 


^  108 


0.12636 
3.8090 

0.6573 
10.790 
1.85 
2.20 


1-3635, 
1.27776 

1.87714 

4.2742 
0.857 1 
1.37065 


0.89881 
4.66473 
2-35918 
.   0.4895 

0.215 
0.0078 
1.1405 
3-09319 

2.080 
0.10732 

I -396 

1.237 

1.258 

2.580 
—0.432 

1-9595 
8.5053 


y  10^ 


1.0876 
-0.87983 

1.18458 
■11.87 
0.730 


0.8741 
0.80648 
■0.30854 


1.91225 


I-35135 
-1.74328 

4.00512 


39 
1.6084 


0.4446 


—0.44998 
— 6.7900 


Clo9 

at  20^ 


1. 07 1 
1.487 

0.902 


1.12 


1. 199 

1-237 
1. 132 

0.250 
0.458 
1.218 


1.236 
1.273 
1.656 
0.505 

0.4J55 
0.18186 
0.721 
1.608 


0-353 
1.090 

0.955 
0.414 

0.410 

0.387 
0.558 

0.973 
0.207 


3 
3 

4a  J 

6 

6 

6 

I 

I 

5a 
5a 


7 

7 
4a 

I 

1 

4b 
4b 
4a 
8 

9 

>3 
10 

14 

7 
II 

12 

9 
9 
9 

% 

13 


Authorities. 


1.  Amagat:  C.  R.  105,  p.  1120;  1887. 

2.  Thorpe :  Proc.  Roy.  Soc.  24,  p.  283 ;  1876. 

3.  Zander:  Lieb.  Ann.  225,  p.  109;  1884. 

4.  Pierre:  a.  Lieb.  Ann.  56^  p.  139;  1845. 

b.  Lieb.  Ann.  80,  p.  125;  1851. 

5.  Kopp:  a.  Lieb.  Ann.  94,  p.  257;  1855. 

b.  Lieb.  Ann.  93,  p.  1^29 ;  1855. 

6.  Recknagel :  Sitzber.  bayr.  Ak.  p.  327,  2 

Abt.;  1866. 

7.  Drecker  :  Wied.  Ann.  34,  p.  952 ;  1888. 

8.  Emo :  Ber.  Chem.  Ges.  16,  1857 ;  1883. 


9.  Marignac :  Lieb.  Ann.,  Supp.  VIII,  p.  335 ; 
1872. 

10.  Spring:  Bull.  Brux.  (3)  3, p.  331  ;  1882. 

11.  Pinetie:  Lieb.  Ann.  243,  p.  32;  1888. 

12.  Frankenheim:    Pogg.   Ann.   72,   p.  422; 

1847. 

13.  Scheel :  Wiss.  Abh.  Reichsanstalt,  4,  p.  i; 

'903- 

14.  -Thorpe  and  Jones :    J.  Chem.  Soc.  63, 

p.  273 ;  1893. 
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Table  242. 

COEFFICIENTS  OF  THERMAL  EXPANSION. 

Ooalfliiltiiti  of  Ezpanilon  of  GtSM. 
Pressures  are  given  in  centimeters  of  mercury. 


Coefficient  at  Constant  Volume. 


Coefficient  at  Constant  Pressure. 


Substance. 


Air 


0°-I00^ 


(I 

ti 
u 
i« 
I* 

it 

II 


Argon    . 
Carbon  dioxide 

• 

II        11 
II        ii 

"  "    0®-20° 

"        "  o®-40® 

"  "   0°-I00® 

"  **    0°-20® 

"  •'  0®-IOO° 

"  "    0®-I00® 

Carbon  monoxide  . 
Helium  . 
Hydrogen  16^-132® 

1S«-I320 


4t 
II 
II 
II 
II 
II 


12®-l8 


o®-ioo® 
Nitrogen    13^-132® 


*♦ 
II 
11 
It 


o^'-ic 

0«-100° 


Oxygen  xi**-i32* 
90-132® 

Il*-I32* 


ii 


II 


11 


II 


Nitrous  oxide 
Sulph'r  dioxide  SO3 


Pressure 
cm. 


.6 

lO.O 

25-4 

75-2 

100. 1 

76.0 
200.0 
2000. 
1 0000. 

76.0 
1.8 
5.6 

74.9 
51.8 

51.8 

51.8 

99.8 

99.8 

100.0 

76. 

56.7 
.0077 

.025 

•47 

•93 
II. 2 

76.4 

100.0 

.06 

•53 
100.2 

100.2 

76. 

.007 

•25 

•5« 
1.9 

18.5 
76. 


Coeffi- 
cient 
X 
100. 


37666 

37172 
36630 
36580 
36660 

36744 

36650 

36903 

38866 

4100 

3668 

36856 

36753 
36641 

37264 

36985 
36972 
36981 

37335 
37262 

37248 
36667 

366^ 
3328 

362 

365^ 
37002 

36548 

36504 
36626 

3021 

3290 

36754 

36744 
36682 

4161 
3^4 

^66^ 

3676 
3845 


u 

c 

V 

06 


I 
II 

II 

<i 

II 


3 

II 

11 
11 


I 

II 

i« 

2 
«< 

II 

II 


5 
3 
4 
6 
11 

u 

I 

14 
II 

2 

6 

M 

2 
It 

7 

6 
II 

II 

8 
II 

II 

3 
II 


Substance. 


I 

Air         ... 

II 

"    0O-I00«     .' 

Hydrogen   o'-ioo° 

ti 

... 

l4 

.  .  • 

tl 

... 

II 

... 

Carbon  dioxide 

"    o«-40» 
"    o'-ioo° 

•"     0®-20° 

"    o**-ioo® 

"      0°-20® 
II 

II 


11 
II 
II 
II 
•I 

M 

l« 
II 

II 


O^-IOO® 

00-7.50 

«  64*'-ioo« 
Carbon  monoxide  . 
Nitrous  oxide 
Sulphur  dioxide     . 


II 


11 


0^-1 19® 
o'*-i4i* 


Water-      j^o.^gjo 
vapor]  ^0.2000 


,o°-247® 


Pressure 
cm. 


76. 

257. 
100. 1 

100.0 

200  Atm. 

400     " 

600     " 

800     " 

76. 

51.8 

51.8 

51.8 

99.8 

99.8 

J  37-7 

J37.7 
2621. 

2621. 

76. 
76. 

76. 

76. 
76. 
76. 

76. 


Coeffi-   '     t 
dent  I 

100.        J       *; 


'3^1 

1 
3 

•3693 

M 

.36728 

2 

.36600 

M 

•332 

9 

•295 

M 

.261 

M 

.242 

l« 

•3710 

3 

.37128 

2 

.37100 

it 

•37073 

1* 

.37602 

a 

•37410 

II 

1 

•3^972 

u     > 

•37703 

M 

.1097 

^   1 

.6574 
.3669 

M 

3 

•3719 

«« 

•3903 

** 

.3980 

It 

■4187 

10 

4189 

It 

.4071 

M 

.3938 

t< 

•3799 

Thomson  has  given,  Encvc.  Brit.  **  Heat," 
the  following  for  the  calculation  of  the  ex- 
pansion, E,  l^tween  0°  and  100°  C.  Expansion 
IS  to  be  taken  as  the  change  of  volume  under 
constant  pressure : 

Hydrogen*  £  =  .3662 { i  —  .00049  ^/«')i 
Air,  £  =  .3662(  i  —  .0026  y/v)t 

Oxygen,  £  =  .3662 ( i  —  .0032  K/r), 
Nitrogen,  £  =  .3662(1  —  .0031  V/v)^ 
COa  -£  =  .3662(1— .0164  y/v). 

V/v  is  the  ratio  of  the  actual  density  of  the 
gas  at  0°  C  to  what  it  would  have  at  o^  C  and 
I  Atm.  pressure. 


1  Meleander,  Wied.  Beibl.  14, 1890;  Wied. 

Ann.  47,  1892. 

2  Chappuis,  Trav.  Mem.  Bur.  Intern.  Wts. 

Meas.  13,  1903. 

3  Regnault,  Ann.  chim.  phys.  (3)5,  1842. 

4  Keunen-Randall,  Proc.  R.  Soc.  59,  1896. 


5  Chappuis,  Arch.  sc.  phys.  (3),  18,  1892. 
e  Baly- Ramsay,  Phil.  Mag.  (5),  38,  1894. 

7  Andrews,  Proc.  Roy.  Soc.  24,  1876. 

8  Meleander,  Acta  Soc.  Fenn.  19,  189 1. 

9  Amagat,  C.  R.  iii,  1890. 

10  Him,  Th^orie  m^c.  chaleur,  1862. 
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Element. 


Aluminum 

II 

M 
<i 
« 
<l 
<( 
«l 

^ 

It 
<< 
«( 
M 

Antimony 

•      "        

II 

AxseniCf^xBy 

Anenk,  Mack 

Barium 

Bismuth 

i< 

u 

M 

"      fluidV.V.  ".*.'. 

Boron 

•<  • 

Bromine,  solid 

solid 

fluid 

Qkdmium 

(t 

14 
«l 
41 
(I 
ff 

Cesium 

Calcium 

Carbon,  graphite . . . 

14  (< 

l«  It 

M  <• 

ft  <« 

M  « 

Acheson 

Carbon,  diamond . . . 
«i  It 

i«  11 

•  ■  • 

Cerium.... 

Chlorine,  liquid .... 

Chromium 

It 

M  *  '  " 

«« 
M 


Range*of 

temperature, 

•C 


—240.6 
— igo.o 
-730 
—190  to  —82 

—  76  to  —I 
+x6  to  +100 

4- 16  to  4-304 

—250 
o 

100 

250 

Soo 
X6-100 

IS 

100 

200 

o-ioo 

0-100 

— x8s  to  +20 

-186 

o 

75 
20-X00 
280-380 
o-ioo 

—  XQX  to  —78 

—76  to  — o 
—78  to  —20 
—192  to  —80 

13-45 
—223 

-173 

-73 

21 

100 

200 

300 

0-26 

—  x8s  to  +20 

o-x8i 
— iQi  to  —79 

—  76  to  — o 

-so 

+XX 

977 
1730 

-244 
-x86 

-SO 

+11 

98s 

o-ioo 

0-24 

—  200 

o 

xoo 

600 

i8s  to  +20 


{ 


Specific 
beat. 

Refer- 

ence. 

.0092 

45 

.0889 

% 

.190 

.X466 

47 

.X962 

47 

.2x22 

48 

.2250 

48 

.1428 

I 

.2080 

I 

.2226 

X 

.2382 

X 

.2739 

X 

.2x22 

43 

.0489 

2 

.0503 

2 

.0520 
.0822 

2 
3 

.o86x 

3 

.068 

4 

.0284 

s 

.0301 

6 

0309 

6 

.0302 

7 

.0363 

8 

.307 

9 

.0707 

47 

.1677 

47 

■  0843 

xo 

.0702 

49 

.107 

II 

.0308 

^5 

.0478 

*5 

.OS33 

46 

oSSi 

2 

■  0570 

2 

.0594 
.0617 

2 

2 

.0482 

12 

.157 

4 

.170 

13 

.0573 

47 

."55 

47 

.1x4 

14 

.160 

14 

.467 

14 

•50 

52 

.005 

50 

.027 

50 

.0635 

47 

.XX3 

47 

459 

47 

.0448 

15 

.2262 

16 

.0666 

17 

.1039 

17 

.XX2X 

17 

.X872 

17 

.086 

4 

Element. 


Cobalt 

•I 

(I 

ft 

Copper  t 

4< 
<« 
tt 
If 
tf 
If 
«f 
tl 
tl 
II 
II 
11 

Galliiun,  liquid. . 

solid... 

Germanium ..... 

Gold 

tl 

Indium 

Iodine 

It 

II 
Iridium 

Iron 

tl 

•  It    

II 

"   casV.'.!!!!! 

"  wrought. . . 

"  wrought. . . 

"  wrought. . . 

"  hard-drawn 

"     hard-dxawn 
tl 

II 

It 

II 

It 

ft 

II 

II 

II 

It 

(I 

Lanthanum 

Lead 

t< 

tl 
If 
It 
ft 
It 

"    fluid!!!!.'.' 


Range*  of 

temperature, 

•C 


500 
xooo 
-X82  to  -hxs 
xs-xoo 
-249.5 
—223 
-x8s 
-63       . 
+25 
76 

84 
xoo 
362 

900 

xs-238 

— i8x  to  13 
23-xoo 

X2  to  113 
12-23 

o-xoo 

-185  to  -f-20 

o-xoo 

O-IOO 

—90  to  -H17 
—191  to  —80 

g-98 

-x86  to  +18 

x8-xoo 

—223 

-X63 
-63 

+37 
20-xoo 
15-100 

X0OO-X2O0 
500 

o-x8 
20-100 

—  185  to  -f-20 

o  to  +200 
o  to  +300 
o  to  +400 
o  to  +500 
o  to  -h6oo 
o  to  -h700 
o  to  +800 
o  to  H-900 
o  to  H-xooo 
o  to  -hxxoo 
o-xoo 

—250 

—236 

-X93 

-73 

15 

xoo 

300 
310 


Specific 
neat. 


1452 

204 

0822 

X030 

0035 
0208 

0532 
0865 

0917 
0937 
0938 
0942 
0997 
1259 

S51 
68 
0040 
080 

079 

0737 

033 
0316 

0570 
0485 
0454 
0541 
0282 

0323 

0x76 

0622 

0961 

X092 

1 189 

1x52 

1989 

176 

0986 

1 146 

0958 

"75 

1233 

X282 

X338 

1396 

1487 

1597 
1644 

1557 
t534 

0448 

0143 
0217 
0276 
0295 
0299 
031X 
0338 
0356 


Refer- 
ence. 


x8 
x8 

19 
19 

45 
46 

45 
46 

44 

51 

51 

2 

51 
20 

43 

2X 
21 
22 
22 
23 

4 
24 
13 
49 
49 
25 
26 
26 
46 
46 
46 
46 

27 
28 
28 
28 
29 
29 
4 
53 
53 
53 
S3 
53 
S3 
S3 
53 
53 
53 
IS 
46 
46 
46 
46 


2 
30 


*  When  one  temperature  is  ^ven,  the  "true"  specific  heat  is  indicated,  otherwise  the 
1 0.3834  +  o.ooo2o(/  —  25)  mtem.  j  per  g  degree  =  ao9X7  -f  aoooo48(<  —  35)  calio 
1913.) 


mean 


specific  heat, 
per  g  degree.     (Griflith, 
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Table  148  (continued), 
SPECIFIC   HEAT  OF   THE  CHEMICAL   ELEMENTS. 


Element. 


Lead, 
it 


Lithium. 
I* 


II 
II 
II 
<i 


Magnesium. 


Manganese. 
t« 

t« 

ii 

11 

11 

«« 


Mercuiy,  sol. 
liq. 


•I 
i« 


Molybdenum 


Nickel. 


Osmium. . 
Palladium 


Phosphorus,  red. . . 

•*  yellow. 

yeUow. 

Platiniun 


it 
II 
t« 
«• 
Ii 
It 
•I 
Ii 
<< 


Range  *  of 
temperature, 

•c 

Specific 
heat 

Refer- 
ence. 

90 

0.0313 

SI 

210 

0.0334 

SI 

xS-ioo 

0.0310 

43 

16-256 

0.03Z9 

43 

— IQX  to  —80 

0.52Z 

47 

—  78  too 

O.S9S 

47 

-75  to  +19 

0.629 

47 

—100 

O.S997 

31 

0 

0.7951 

31 

50 

0.9063 

31 

zoo 

Z.0407 

31 

xgo 

1.3745 

31 

— x8s  to  +20 

0.222 

4 

60 

0.2492 

7 

.32s 

0.323s 

7 

62s 

0.4352 

7 

ao-ioo 

0. 2492 

7 

-188  to  -79 

0.0820 

49 

-79  to  +IS 

0.109Z 

49 

60 

O.X2ZX 

49 

32s 

0.1783 

49 

20-100 

O.X2I1 

49 

—100 

0.0979 

31 

0 

O.XO72 

31 

TOO 

0.1Z43 

31 

-77  to  -42 

0.0329 

47 

-36  to  -3 

0.0334 

47 

—  i8s  to  +20 

0.032 

4 

0 

0.03346 

32 

8S 

0.0328 

32 

100 

0.03284 

2 

250 

0.03212 

2 

—  i8s  to  +20 

0.062 

4 

60 

0.0647 

7 

475 

0.0750 

7 

20  to  zoo 

0.0647 

7 

— Z85  to  +20 

0.092 

4 

zoo 

0.ZZ28 

18 

300 

0. 1403 

z8 

Soo 

0.Z299 

z8 

Z900 

o.z6o8 

z8 

I8-Z00 

0.Z09 

26 

z^rgS 

0.031Z 

10 

— z86  to  +z8 

0.0528 

26 

o-ioo 

0.0592 

24 

0-Z26S 

0.0714 

24 

0-5X 

0.1829 

33 

Z3-36 

0.202 

53 

— x86  to  +20 

0.178 

A 

-x86  to  +x8 

0.0293 

zoo 

0.0275 

34 

200 

0.0330 

35 

soo 

0.0349 

35 

7  SO 

0.0365 

35 

zooo 

0.0381 

35 

X300 

0.0400 

35 

20-100 

0.0319 

35 

20-500 

0.0333 

35 

20-1000 

0.0346 

35 

20-1300 

0.0359 

35 

flement 


Potaasium 

41 
If 

Rhodium 

Rubidium 

Ruthenium 

Selenium 

Sib'con 

ii 

It 

II 

Sflver 

Ii 

ii 

ii 

II 

II 

II 

Ii 

ii 

ii 

ii 

••    "fluid!!!!!! 

Sodium 

it 

•i 

ii 

Ii 

Sulphur 

"       rhombic. 

'*      monodin. 

**       liquid . . . 

Tantalum 

ii 

Tdlurium 

"        crys. . . 

Thallium 

Ii 

Thorium 

Tin 

Ii 

'•  'cast!J!!!!!! 

"    fluid 

"    fluid 

Titanium 

Ii 

Tungsten 

•i 
it 
ii 

Uranium 

Vanadium 

Zinc 

Ii 

ii 

ii 

ii 

14 

Zirconium 


Range*  of 
temperature, 

•c 


-Z91  to  —80 
—78  too 
-185  to  +20 

10-97 
o 

0-100 
-i88  to  +18 
-185  to  -I-20 

-398* 

+57-1 

233 
-238 
-2x3 
-X73 

-73 

+27 
o-ioo 

23 

xoo 

soo 

X 7-507 

800 

907-1x00 
-185  to  +20 
-X91  to  —83 

—77  too 
—  223 

-l«3  ' 
-x88to  +18 

0-S4 
0-52 

I 19-147 
-x8s  to  +20 

1400 
-188  to  +18 

15-100 

— X85  to  +20 

20-xoo 

o-xoo 

—  196  to  —79 

-76  to  +18 

ax-xo9 

250 

IIOO 

-185  to  +20 

O-IOO 

-185  to  +20 

0-100 

xooo 

2000 

2400 

0-98 

o  -100 

-243 

-193 

-153 

20-xoo 

zoo 

300 

0-100 


Specific 
heat 


Refer- 


0.X568 

0.X666 

0.170 

0.0580 

0.0802 

0.061X 

0.068 

0.123 

0.1360 

0.X833 

0.2029 

0.0x46 

0.0307 

0.0447 

0.0540 

0.0560 

O.OSS9 

0.05498 

0.05663 

0.0581 

0.05987 

0.076 

0.0748 

0.253 

0.243 

0.276 

0.152 

0.219 

O.X37 

0.X728 

0.1809 

0.235 

0.033 

0.043 

0.047 

0.0483 

0.038 

0.0336 

0.0276 

0.0486 

0.0518 

0.055X 

OS799 

0758 

082 

X125 

036 

0336 

0.0337 

0.042 

0.04S 
0.028 

0x153 
0.0144 
0.0625 
0.0788 
0.093X 
0.0951 
o. X040 
0.0660 


47 

47 

4 

25 

13 
36 

A 
14 
14 
14 
46 
46 
46 
46«. 
46 

13 

3 

a 
34 
43 
x8 

18 
4 
47 
47 
46 
46 
36 
33 
33 

2 
4 

36 

37 
4 
27 
38 
26 

36 

30 
18 
18 

4 
39 

4 
40 
52 
52 

52 

41 

40 

46 
46 
46 

27 

2 

2 

42 


*  When  one  temperatiu-e  is  given,  the  "true"  specific  heat  b  indicated,  otherwise  the  "mean"  specific  heat    See 
page  226  for  references. 

Smithsonian  Tables. 


Table  144. 
HEAT  CAPACITIES.  TRUE  AND  MEAN  SPECIFIC  HEATS.  AND 

LATENT  HEATS  AT  FUSION. 


22S 


The  following  data  are  taken  from  a  research  and  discussion  entitled  *'Die  Temperatur- 
Warmeinhaltsknrven  der  technlsch  wichtigen  Metalle,"  Wiist,  Meuthen  und  Durrer,  For- 
schungsarbeiten  herausgegeben  vom  Verein  Deutscher  Ingenieure^  Springer,  Heft  204,  1918. 

(a)  There  follow  the  constants  of  the  equation  for  the  heat  capacity:  W  "  c  +  bt  -^  cfi;  for 
the  mean  specific  heat:  $  -  oT^  +  b  +  ct;  and  for  the  true  specific  heat:  j'  »  6  +  2ct;  also  the 
latent  heats  at  fusion. 


■ 

Tempera- 

La- 

Tempera- 

U- 

Ele- 
ment. 

Cr 

ture 
rsmge. 

a 

b 

c  Xio» 

tent 
l^eat. 

cal./g 

Ele- 
ment. 

Ag 

ture 

a 

b 

cXio« 

tent 

heat 

caL/g. 

0-1500 

0.10233 

33.47 

0-961 

^^^ 

0.05725 

S.48 

2.81 

Mo 

0-1500 

— 

0.06162 

10.99 

— 

961-1300 

53.17 

0.00710 

28.30 

— 

W 

0-1500 

— 

<J.  03325 

1.07 

— 

Au 

0-1064 

— 

O.03171 

1.30 

3-13 

Pt 

0-1500 

— 

0.03121 

3-54 

— 

1064-1300 

26.3s 

0.01420 

8.52 

.— 

Sn 

0-232 

— 

0.06829 

— 

1.64 

Cu 

0-1084 

0. 10079 

3.05 

2.60 

232-1000 

14.33 

0.07020 

-18.30 

— 

1084-1300 

130.74 

-.04150 

65.6 

— — 

Bi 

0-270 

— 

0.03 141 

5.22 

2.13 

Mn 

0-1070 

—  . 

0.12037 

25.41 

2.01 

270-1000 

10.31 

0.03107 

5. 41 

.— 

I 130-12 10 

-7.41 

0.17700 

— 

24.14* 

Cd 

0-321 

— 

0.05550 

6.28 

1.22 

I 230-1 250 

3.83 

0. 19800 

— 

—~' 

321-1000 

6.30 

0.06952 

6.37 



Ni 

0-320 

— 

0. 10950 

52.40 

3.29 

Pb 

0-327 

.^— 

0.03591 

-11.47 

I. 13 

330-1451 

0.41 

O.I 2931 

O.II 

1.33* 

327-1000 

6.07 

0.02920 

3.30 

1451-1520 

50.21 

0.13380 

— 

Zn 

0-419 

— — 

0.08777 

43  48 

1.50 

Co 

0-950 

— 

0.09119 

40.77 

3.43 

419-1000 

14- 34 

0. 13340 

-16.10 

— 

I 100-1478 

22.00 

0.1 1043 

14.57 

14.70* 

Sb 

0-630 

— 

0.05179 

300 

4.67 

1478-1600 

57.72 

0. 14720 

— 

630-1000 

39-42 

0.05090 

2.96 



Fe 

0-725 

0.10545 

56.84 

2.76 

Al 

0-657 

— 

0.22200 

38.57 

2.5s 

785-919 

-1.63 

0.1592 

— 

6.56* 

657-1000 

102.39 

•.21870 

24.00 

919-1404 
1405-15 28 
1528-1600 

18.31 

-77.18 

70.03 

0.14472 
0.21416 
0.15012 

0.05 

6.67* 
1.94* 

*Allotropic  heat  of  transformation:  Mn,  1070-1130®;  Ni,  320-330®;   Co,  950-1100®;  Fe, 
725-785"*;  919**1;  1404.5'' •**  0.5. 


r 

{b)  Thue  Specific  Heats. 

•c 

Pb 

Zn 

Al 

Ag 

Au 

Cu 

Ni 

Fe 

Co 

Quartz. 

o®C 
100 
200 

300 

400 

500 
600 

700 

800 
900 

1000 
1 100 
1200 
1300 
1400 

1500 
1600 

0.0359 
0.0336 
0.0313 
0.0290 
0.0266 
0.0259 
0.0252 
0.0246 
0.0239 
0.0233 
0.0226 

0.0878 
0.0965 
0. 1052 
O.II39 
0.1226 

O.I173 
0.I141 

0.II09 

0.1076 

0.1044 

O.IOI2 

0.2220 
0.2297 
0.2374 
0.2451 
0.2529 
0.2606 
0. 2683 
0.2523 
0.2571 
0.2619 
0. 2667 

0.0573 
0.0583 
0.0594 
0.0605 
0.0616 
0.0627 
0.0638 
0.0649 
0.0660 
0.0671 
0.0637 
0.0694 
0.0750 
0.0807 

0.0317 
0.0320 
0.0322 
0.0325 
0.0328 
0.0330 
0.0333 

0.0335 
0.0338 

0.0341 

0.0343 
0.0329 

0.0346 

0.0364 

0.1008 
0.1014 
0. 1020 
0. 1026 
0.1032 
0.1038 
0.1045 
0.1051 
0. 1057 
0.1063 
0.1069 
0.1028 
O.1159 
0.1291 

0.1095 
0.1200 
0.1305 
0.1409 
0.1294 
0.1294 
0.1294 
0.1295 
0.1295 
0.1295 
0.1295 
0.1296 
0.1296 
0.1296 
0.1296 
0.1338 

0.1055 
O.I168 
0.1282 
0.1396 
0.1509 
0.1623 
0.1737 
0.1850 
0.1592 
0.1592 
0.1448 
0.1448 
0.1448 
0.1449 
0.1449 
0.2142 
O.1501 

0.0912 
0.0993 
0.1073 

0.I154 
0.1235 
0.1316 
0.1396 
0.1477 

0.1558 
0.1639 

0.1424 
0.1454 

0.1483 
O.1512 
0.1472 
0.1472 

0.2372 
0.2416 
0.2460 
0. 2504 
0. 2548 
0.2592 
0.2636 
0.2680 
0.2724 
0.2768 
0.2812 
0.2856 
0.2900 
0.2944 
0.2988 

For  more  elaborate  tables  and  for  all  the  elements  in  upper  table,  see  original  reference. 
Smithsonian  Tables. 
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ATOMIC  HEATS  (W  10.  SPECIFIC  HEATS  (H*  K).  ATOMIC  VOLUMES  OF  THE  ELEMENTS- 
The  atomic  and  specific  beats  are  due  to  Dewar,  Pr.  Roy.  Soc  89A,  16S,  1913. 


Li 

0, 1()i4 

0.0137 

Na 

o.i5:g 

0.0713 

p 

0.0303 

0.0303 

'/■ 

0.0774 

red 

0.0967 

o.isSo 

Ca 

0.0714 

0.010s 

16 

98 

h 

(S 

SO 

7 

.■i^ 

0 

63 

14 

OS 

1H 

.10 

<) 

,t8 

01 

9 

46 

'.1 

'ES?' 


4-65 
4.80 
4.96 
4-54 
4.38 
3.30 


*  Graphite.        t  Diamond.        t  Fused.        i  Crystallized.        \  Impure. 


References  to  Table  143: 
(1)  Bontschew. 
(i)  Naccari,  Attj  Torino,  »3,  1887-88. 

(3)  Wigand,  Ann.  d.  Pliys.  (4)  22,  1907. 

(4)  Nordmeyer-Bemouli,   Verh.  d.   phys. 

Ges.  9,  1907;   10,  190S. 
(s)  Giebe,  Verh.  d.  phys.  Ges.  j,  1903. 

(6)  Lorenz,  Wied.  Ann.  13,  iSSi. 

(7)  Stacker,  Wien.  Ber.  114,  igos. 

(8)  Person,  C.  R.  =3,  1846;   Ann.  d.  chim. 

(3)  =1,  184?;    i4>  1848. 

(9)  MoissoQ-Gautier,  Ann.  chim.  phys.  (7) 

17,  1806. 

(10)  Eegnault,  Ann.  d.  chim.  (3)  26,  1849^ 

63,  1S61. 

(11)  Andrews,  Pog.  Ann.  73,  1848. 

(11)  Eckardt-Graefe,  Z.  Anors-  Ch.  13, 1900. 

(13)  Bunsen,  Pogg-  Ann.  14I1  1870;   Wied. 

Ann.  31,  j88;. 

(14)  Weber,  Phil.  Mag.  {4)  49,  1875. 
(is)  HiUebrand,  Pog.  Ann.  is8,  1876. 

(16)  Knietscfa. 
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(19)  Tilden,  Phil.  Trans.  (A)  201,  1903. 

(20)  Richards,  Ch.  News,  68,  1893. 
(ji)  Trowbridge,  Science,  8,  1898. 

(13)  Berlhelot,  Ann.  d.  chim.  (s)  15,  1878. 
(23)  Peltersson-Hedeliius,  J.  Pract.  Ch,  n, 


<3)  63,  1861. 
(16)  Behn,  Wied.  Ann.  < 
Phys.  (4)  1,  1900. 


(27)  Schmitt,  Pr.  Roy.  Soc.  73,  1903. 
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i3i]  Laemmel,  Ann.  d.  Phys.  (4)  16,  1903. 
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Tables  246-247. 
246. — Bpeclilo  Heat  of  Various  SoUdi. 
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SoHg. 


Alloys : 

Bell  metal  . 
Brass,  red  . 

"      yellow 
8oCu-|-2oSn    . 
88.7Cu-l-11.3Al 
German  silver   . 
Lipowitz alloy :  24.97 Pb  +  10. 13  Cd  +  50 

+  14.24  Sn 


(( 


Rose's  alloy:  27.5  Pb  + 48.96!  4-23.6811 


Wood's  alloy:  25.85 Pb  + 6.99 Cd  + 52. 

4- 14.73  Sn 
(fluid)    .... 
Miscellaneous  alloys : 

17.5  Sb -f  29.9  Bi4-  18.7  Zn  4-33.9  Sn 
37.1  Sb-|-62.9Pb     . 
39.9Pb-f6o.i  Bi     . 

'•    (fluid) 
63.7Pb4-36.3Sn    . 
46.7Pb4-53.3Sn    . 

63.8  Bi  4-36.2  Sn    . 

46.9  Bi  4-53-iSn  . 
Gas  coal .... 
Glass,  normal  thermometer  i6"i 

French  hard  thermometer 


43  Bi 


u 


crown 
flint 


Ice 


fi 


India  rubber  (Para) 

Mica 

Paraffin   . 


i< 


u 


If 


it 


fluid 
Vulcanite 
Wooda 


66  Bi 


Temperature 

•c. 


15-98 
0 
0 

14-98 

20-100 
O-IOO 

5-50 
100-150 
—77-20 
20-89 

5-50 
100-150 

20-99 
10-98 
16-99 
144-358 
12-99 
10-^ 

20-99 
20-99 
20-1040 
19-100 

10-50 
10-50 

-188 — 252 
—78 — 188 
—18 — ^78 

?-I00 
20 

—20-  4-3 

— 19 1-20 

0-20 
35-40 
60-63 
20-100 
20 


Specific  heat. 


0.0858 
.08991 

.08831 
.0862 
.10432 
.09464 

.0345 
.0426 
.0356 
.0552 

.0352 
.0426 

.05657 
.03880 

.03165 
.03500 

.04073 

.04507 
.04001 

.04504 


Au- 
thority. 


R 

L 
(f 

R 
Ln 
T 

M 

I* 

S 


M 
« 

R 
.1 

P 
f( 

R 
fi 

It 

i* 


W 

z 

H  M 

D 

<t 

«f 
GT 

r"w 

n 

B 

f 

AM 


TABLE  847.— Bpaoiflo  Heat  of  Water  and  of  Mareury. 


Specific  Heat  of  Water. 

Specific  Heat  of  Mercury.               1 

Temper- 
ainre,<H:. 

Barnes. 

Rowland. 

Bame*. 
Regnault. 

Temper- 
ature,oC. 

Barnes. 

Bames- 
Regnault. 

Temper- 
ature.^C. 

Specific 
Heat. 

Temper- 
ature,°C. 

Specific 
Heat. 

-s 

0 

+5 
10 

IS 
ao 

35 

30 
35 
40 

45 
50 

1       55 

1. 0155 
x.oogx 
1.0050 
x.ooao 

I.OOOO 

0.9987 
.9978 
.9973 
.9971 
.9971 
.9973 
.9977 
«98a 

X.0070 

1.0039 

X.0016 

1.0000 

•9991 

.9989 

•9990 

.9997 

X.0006 

Z.0018 

1.003X 

1.0045 

X.0094 
x.0053 

1.0033 

1.0003 
0.9990 
.998  X 
.9976 
.9974 
.9974 
.9976 
.9980 
.9985 

60 
65 
70 
80 
90 

XOO 
X20 
lAO 

x6o 
180 
200 

220 

0.9988 

.9994 
1. 0001 
X.0014 
X.0028 
X.0043 

0.9994 
1.0004 

1. 001 5 
1.0042 
1.0070 

I.OIOX 

1.0x63 
X.0223 
X.0285 
X.0348 
X.0410 
1.0476 

0 
5 

10 

15 

20 

35 
30 

35 
40 

IS 

70 
8o 

0.03346 
.03340 
.0333S 
.03330 

.03335 
.03320 
.033x6 
.03313 
.03308 
.03300 

.03394 
.03289 
.03384 

90 
100 
XIO 
X20 
130 

X40 
150 
170 
X90 
axo 

0.03377 
.03369 
.03362 

.03355 
.03248 
.03241 

.0324 
.0332 
.0330 
.03x9 

Barnes's  results  :  Phil.  Trans.  (A)  199,  190a ;  Phys.  Rev.  15,  190s ;  s6, 1903.    (H  thermometer.) 
Bousfield,  Phil.  Trans.  A  an,  p.  199,  191 1.  Barnes- kegnault's  as  revised  by  Peabody ;  Steam  Tables. 

the  mercury  data  from  o*^  C  to  80,  Barnes-Cooke  ( H  thermometer);  from  90^  to  140,  mean  of  Winklemann,  Naccari 

and  Milthaler  (air  thermometer);  above  140^,  mean  of  Naocari  and  Milthaler. 
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Tables  S48r«n. 
TABLE  S48.-- Specific  Heat  of  Various  liquids. 


Liquid. 


Alcohol,  ethyl 

{(  i( 

Alcohol,  methyl . . 
Anilin 

Benzole,  CeHe 

"  c«H.:::: 

CaClj,  sp.  gr.  1. 14 

((  It     '    n  it 

H  ({      <(      _   __ 

1.20 

it  u     «         « 

II  It     ti         tt 

"     "      1.26 

ti  tt     tt        It 

tt  tt     tt        It 

CuSo4  +  50  H2O.  . 

"    +  200 "    . 

tt        ,     .__  tt 

+  400 
Diphenylamine, 
CiiHuN 


Temp. 

Spec, 
heat. 

Au- 
thority. 

-20 

0 

40 

0-5053 
0.548 

0.648 

R 

it 

it 

5-10 
15-20 

0.590 
0.601 

a 

15 

0.514 

G 

30 

0.520 

50 
10 

0.529 
0.340 

H-D 

40 

65 
-15 

0.423 
0.482 
0.764 

it 
DMG 

0 
+  20 
-20  • 

0.775 
0.  787 

0.695 

it 
it 
it 

0 

0.712 

it 

+  20 
—  20 

0 

+20 

12-15 

0.725 
0.651 
0.663 
0.676 
0.848 

it 
it 
it 

it 

Pa 

12-14 

0.951 

(( 

13-17 

0.975 

<( 

53 
65 

Q.464 
0.482 

B 

it 

Liquid. 


Ethyl  ether 

Glycerine. 

KOH  +  30H2O 

"      +100"    

NaOH  +  5oHjO 

"      +100  " 

Naa  +  ioHjO 

"     +200" 

Naphthalene,  CioHg . . . . 
tt 

Nitrobenzole 

Oils:  castor 

citron . ." 

olive 

sesame 

turpentine 

Petroleimi 

Sea  water,  sp.  gr.  1.0043. 
"  "  '^  "  1.0235  • 
"      "       "    "  1.0463. 

Toluol,  CeHs 

(( 

(( 

znSOi  +  50  Hjb. !!!.!. 

"    +200"  


Temp. 

•c. 


o 

15-50 

18 

18 

18 

18 

18 

18 
80-85 

90-95 
14 
28 

5.4 
6.6 

o 
21-58 

17.5 

17-5 

17.5 
10 

^5 
20-52 
20-52 


Spec 
heat. 


O. 
O. 
O. 
O. 
o. 
o. 
o. 
o. 
K>. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 


529 
576 
876 

975 
942 

983 
791 

978 

396 
409 

350 
362 

434 
438 
471 
387 
411 

5" 
980 

938 

903 

364 

490 

534 
842 

952 


An- 

thonty. 


R 
E 

TH 

« 

** 

«c 

B 

t* 

A 

W 
HW 

w 

R 

Pa 

«« 

<< 
« 

H-D 

« 

it 
Ma 


References:  (A)  Abbot;  (B)  Batelli;  (E)  Emo;  (G)  Griffiths;  (DMG)  Diddnson, 
Mueller,  and  George;  (H-D)  de  Heen  and  Deruyts;  (Ma)  Marignac;  (Pa)  Pagliani; 
(R)  Regnault;   (Th)  Thomsen;   (W)  Wachsmuth;   (Z)  Zouloff;  (HW)  H.F.Weber. 


TABLE  S49.  —  Specific  Heat  of  Liquid  Ammonia  under  Saturation  Conditions. 

Expressed  in  Caloriesso  per  Gram  per  Degree  C.    Osborne  and  van  Dusen, 

Bui.  Bureau  of  Standards,  1918. 


Tcim). 

0 

X 

2 

3 

4 

5 

6 

7 

8 

9 

-40 

1.062 

1. 061 

1.060 

1.059 

1.058 

1.058 

I -057 

1.056 

1. 05s 

I  055 

-30 

1.070 

1.069 

1.068 

1.067 

1.066 

1.065 

1.064 

1.064 

1.063 

1.062 

-20 

1.078 

1.077 

1.076 

1.075 

1.074 

1.074 

1.073 

1.072 

1. 071 

1.070 

-10 

1.088 

1.087 

1.086 

1.085 

1.084 

1.083 

1.082 

1. 081 

1.080 

1.079 

—  0 

1.099 

1.098 

.1.097 

1.096 

1.094 

1.093 

1.092 

1. 091 

1.090 

1.089 

+  0 

1.099 

1. 100 

I.IOI 

1. 103 

1. 104 

1. 105 

1. 106 

1. 108 

1. 109 

I.  no 

+10 

1. 112 

I. 113 

I. 114 

I. 116 

1. 117 

1. 118 

1. 120 

I. 122 

1. 123 

1. 125 

+20 

1. 126 

I. 128 

I. 129 

I. 131 

1. 132 

1. 134 

1. 136 

I.  137 

1. 139 

1. 141 

+30 

1. 142 

1. 144 

I.  146 

1. 148 

1. 150 

1. 152 

1. 154 

1.156 

1. 158 

1. 160 

+40 

1. 162 

1. 164 

I.  166 

1. 169 

1. 171 

1 .173 

1. 176 

1. 178 

1. 181 

1. 183 

TABLE  950.  —  Heat  Content  of  Saturated  Liquid  Ammonia. 

Heat  content  -  H  =  €  +  ^,  where  €  is  tlie  internal  or  intrinsic  energy.    Osborne  and  van 
Dusen,  Bui.  Bureau  of  Standards,  191 8,  


Temperature . . . 
H  '  €-\-  pv 

-50^ 
-53.8 

-40*> 
-43-3 

-30° 
-32.6 

-20'' 
-21.8 

-10^ 
-II. 0 

o** 
0.0 

+10"" 

+11. 1 

+20* 
+22.4 

+30^ 
-33-9 

+40** 
-45-5 

+50* 
-57-4 
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SPECIFIC  HEATS  OF   MINERA|.S  AND  ROCKS. 

TABLE  861.^-8p6ellLc  Heat  of  Xlnenlf  and  Books. 
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Substance. 


Andalusite     . 

Anhydrite,  CaS04 

Apatite  . 

Asbestos 

Augite  .        . 

Bante,  BaS04 

Beryl 

Borax,  NasB^Or  fused 

Calcspar,  CaCOs  . 


II 


u 


tt 


Casiderite,  SnOs 

Corundum 

Cryolite,  AlgFle.eNaF 

Fluorite,  Cal'a 

Galena,  PbS  . 

Garnet   . 

Hematite,  FcjOj 

Hornblende  . 

Hypersthene . 

Labradorite 

Magnetite 

Malachite,Cu2C04.H20 

Mica  (Mg)     . 

"     (K)       ... 
Olieoclase 
Orthoclase 
Pyrites,  copper 
Pyrolusite,  MnOs  ; 
Quartz,  Si02 


M 

M 
U 


(I 

(« 
M 


Tempera- 
ture °C. 


O-IOO 
O-IOO 

15-99 
20-98 

20-98 

ia-98 

\t^ 

0-50 
0-100 
0-300 
16-98 

9-98 
16-99 

15-99 
O-IOO 

16-100 

15-99 

20-98 
20-98 
20-98 

18-45 

^5-99 
20-98 

20-98 

20-98 

15-99 
15-99 
17-48 
12-100 
o 

350 
400-1200 


)ecific 
leat. 


0.1684 

•J753 

.1903 
.195 

.1931 
.II2S 

.1979 

.2382 

.1877 

.2005 

.2204 

•0933 
.1976 

.2522 

.2154 
.0406 

.1758 
.1645 

.1952 
.1914 

.1949 
.156 

•1763 
.2061 

.2080 

.2048 

.1877 
.1291 

•1737 
.2786 

•305 


Refer- 
ence. 


I 
I 

2 

3 
3 
4 
2 

I 
I 
I 

4 
4 

2 

4 

5 
2 

2 

3 
3 

I 

2 

3 

3 

3 

2 

2 
6 

7 
8 

8 

8 


Substance. 


Rock-salt 
Serpentine 
Siderite 
Spinel  . 
Talc     . 
Topaz  . 
Wollastonite 
Zinc  blende,  ZnS 
Zircon  . 
Rocks : 
Basalt,  fine,  black 


«( 


4( 


U 


« 


if 


u 


ii 


tt  u  tt 

Dolomite 

Gneiss 
a 

■ 

Granite 
Kaolin 
Lava,  Aetna 

tt  u 

"      Kilauea 
Limestone  . 
Mar1)le 
Quartz  sand 
Sandstone  . 


Tempera- 
lure  o  C. 


16^ 
9-98 

15-47 
20-98 

O-IOO 

19-51 

O-IOO 

21-51 

12-100 
20-470 


Specific  Refer- 
Heal.     enoe. 


0.219 
.2586 

•1934 

.194 

.2092 

.2097 

.178 

.1146 

.132 

.1996 
.199 


880-1190 
20-98 

17-99 
17-213 

12-100 

20-98 

23-100 

31-776 

25-100 

15-100 

O-IOO 

20-98 


•323 

.222 

.196 

.214 

.192 

.224 

.201 

.259 

.197 

.216 

.21 

.191 

.22 


6 

2 

% 

3 

X 

6 

I 
6 

6 

9 

9 

9 

9 

3 
10 

10 
7 

3 
II 

II 

II 

12 


1  Lindner. 

2  Oeberg. 

3  Ulrich. 

4  Regnault. 

5  Tilden. 


6  Kopp.  II  Bartoli. 

7  Joly.  12  Morano. 

8  Pionchon. 

9  Roberts- Austen,  RUcker. 
10  R.  Weber. 


Compiled  from  Landolt-BSmstein-Meyerhoffer's  PhyBikalisch-chemische  Tabellen. 
TABLE  S68.— Spoelflo  Boats  of  SiUoatei. 


M 

can  specific  beats. 

Truci 

specific  heafs. 

• 

Silicate. 

o^Cto 

1 

1400* 

at 

% 

loo' 

500' 

900' 

o*C 

loo' 

530- 

looo* 

1300* 

Albite        .... 

• 
.1948 

.2363 

.2561 

__ 

.178 

.211 

.2^ 

.294 

^ 

**     glass    . 

.1977 

.2410 

.2640 

— 

— 

— 

— 

— 

— 

Amphibole,  Mg.  silicate 

1-2033 

.2461 

.2661 

.2731* 

.185 

.219 

.279- 

■304 

- 

*'          glass   . 

j.2040 

.2474 

- 

— 

- 

- 

- 

— 

— 

Andesine 

.1925 

'^ZZ^ 

.2525 

— 

- 

- 

.265 

- 

— 

**        glass 

.1934 

- 

.2615 

- 

— 

- 

- 

— 

— 

Anorthite 

•^ss^ 

.2296 

02481 

.2674 

.174 

.205 

.260 

.286 

.318 

"        glass 

.1883 

.2305 

- 

- 

— 

— 

-     . 

— 

— 

Cristobolite    . 

.1883 

.2426 

■2568 

.2680 

— 

- 

- 

- 

- 

Diopside  . 

.1924 

.2314 

.2500 

.2604t 

.176 

.207 

.262 

.284 

— 

"        glass 

.1939 

.2332 

— 

— 

— 

— 

— 

- 

— 

Microcline 

.1871 

.2262 

.2450 

- 

.171 

.201 

.258 

.279 

- 

glass    . 

I.I9I9 

.2321 

.2514 

.2S9i;* 

.176 

.206 

.264 

.299 

— 

Pyroxene 

.2039 

.2484 

- 

- 

— 

— 

- 

Quartz     .... 
Silica  glass     . 

;.i868 

.2379 

.2596 

.2640* 

.168 

.204 

.294 

.285 

- 

.1845 

.2302 

.2512 

— 

.166 

.202 

.266 

.29 

- 

Wollastonite  . 

— 

.2344 

— 

— 

- 

— 

glass       . 

.1852 

.2206 

— 

— 

- 

- 

- 

- 

**            pseudo   . 

.1844 

.2170 

.2324  .2448 

1 

.171 

.197 

.243 

.262 

.272 

•o'-iioo';    to'-i25o'; 
Smithsoniaii  Tablks. 
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Table  SSS. 
SPECIFIC  HEATS  OF  GASES  AND  VAPORS. 


Substance. 


Acetone,  CiHeO 
Air 


n 
u 


Alcohol,  CHfcOH. 


(I 
It 


Ammonia. 


CH3OH. 


n 


Argon 

Benzol,  C«H«. 


u 
tt 


tt 
It 


Bromine 

Carbon  dionde,  COi 


u 
n 


tt 


tt 


monoxide,  CO. 

it  It 


dbulphide,  CSa . 

Chlorine 

Chloroform,  CHCU . . . . 


it 


tt 


Ether,  C4H10O 

u  tt 


Helium 

Hydrochloric  acid,  HCl. 


(( 


if 


<4 


Hydrogen 


ft 

tt 


tt 


sulphide,  H2S 

Krypton 

Mercury 


Methane,  CH4 

Neon 

Nitrogen 


II 
tt 


Nitric  oxide,  NO 

Nitrogen  tetroxide,  NOj. 


II 
i< 


li 
« 


If 
(f 


Nitrous  oxide,  NtO . . 


II 
11 


« 

ff 


It 


It 


Oxygen 


(f 
ff 


Sulphur  dioxide,  SO2. . 
Water  vapor,  H2O 


fi 
If 


fi 
ff 


ff 

fC 


Xenon 


Range  of 
temp.  *C 


26-110 

-30-+ 10 
0-2Q0 

20-440 

20-630 

20-800 

108-220 

101-223 
23-100 
27-200 
2O--9O 

34-1 IS 
35-180 

116-218 
83-228 

-28-  +7 
15-100 
11-214 

23-99 
26-198 

86-190 

16-343 

27-118 

28-189 

69-224 

^5-1" 

13-100 
22-214 
-28- +9 
12-198 
21-100 
20-206 


18-208 

0-200 
20-440 
20-630 
20-800 
13-172 
27-67 
27-150 
27-280 
16-207 
26-103 
27-206 
13-207 
20-440 
20-630 
16-202 
o 

100 

180 


Sp.  bt. 

constant 
pres- 
sure. 


0.3468 
0.2377 
0.2375 
0.2366 
0.2429 
0.2430 
0.4534 

0.4580 
0.5202 

0.5356 
0.1233 
0.2990 

0.3325 
0.3754 
0.055s 

o. 1843 
0.2025 
0.2169 

0.2425 

0.2426 
0.1596 
0.II25 
0.I44I 
0.1489 

0.4797 

0.4280 

0.1940 
0.1867 

3  3996 
3.4090 
3.4100 
0.2451 


Authority. 


0.5929 

O. 2438 
0.2419 
o. 2464 
2497 

2317 
625 

"5 

65 
0.2262 

o. 2126 

o. 2241 

0.2175 
0.2240 
0.2300 

0.1544 
0.4655 

0.421 

0-51 


Wiedemann. 
Regnault. 


ff 


Holbom  and 

Austin. 

ff 

Regnault. 

Regnault. 

Wiedemann. 
If 

Dittenberger. 

Wiedemann. 
If 

Regnault. 
ff 

ff 

If 

ff 

Wiedemann. 

ff 

Regnault. 
Strccker. 

Wiedemann. 

II 

Regnault. 
Wiedemann. 

Strecker. 

Regnaidt. 
II 

If 

Wiedemann. 
Regnault. 


Regnault. 

Regnault. 
Holbom  and 

Austin. 

ff 

Regnault. 
Berthelot  and 


Olg 


er. 


Regnault. 

Wiedemann. 

<f 

Regnault. 

Holbom  and 

Austin. 

Regnault. 

Thiesen. 
ff 

ff 


Range 

of 
temp. 

•C 


Mean 
ratio  of 
specific 

beats. 
C,/C». 


20 

-79.3 

-79-3 
o 

500 

53 
100 

100 

o 

100 

o 

20 

60 

99-7 
20-388 

4-1 1 

o 

o 

100 
3-67 

o 
22-78 

99.8 
42-45 

12-20 

o 

20 

100 

4-16 


19 

310 

11-30 
19 


I.40II 

1. 40s 

2.333 
1.828 

1-399 
I  133 
1. 134 
1.256 
I. 3172 
1.2770 
1.667 

1.403 

1.403 
1. 105 
1.293 

1.2995 

1.3003 

1.403 

1-395 
1.205 

1-336 

1. 102 

1. 150 

1.029 

1.024 

1.64 

1.389 

1.400 

1.4080 


1. 419 

1-324 
1.666 

1.666 

1. 316 
1.642 
1. 41 
1.405 


1-394 
I  31 


o 
100 

5-1*4 

16-34 

78 

94 
100 

19 


1. 311 
1.272 
1.324 
1-3977 


T.256 
1.274 

1-33 

1-305 

1.666 


Autbori^. 


Moody. 
Koch,  1907. 
**     200  atm 

fl  II  41 


Fiirstenau. 

Jaeger. 

Stevens. 


II 


WiiUner. 


II 


Niemeycr. 

Pagliani. 

II 

Stevens. 
Strecker. 
Lummer  and 
Pringsheim. 
Moody,  191 2. 

WfiUner. 

11 

Beyme. 

Martini. 

Beyme. 

Stevens. 

Mailer. 

Low,  1894. 

Mean,  Jeans. 

Strecker. 

II 

Lummer  and 
Pringsheim. 

Hartmann. 

Capstick. 

Ramsay,  '12. 

Kundt  and 
.Warburg. 

Mttller. 

Ramsay,  '12 

Cazin. 

Masson. 


II 


Natanson. 


Wttllner. 

If 

Leduc,  '98. 
Lummer  and 
Pringsheim. 

MUller. 
Beyme. 
Jaeger. 
Makower. 
Ramsay/  12. 
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Table  SB4. 
LATENT  HEAT  OF  VAPORIZATION. 
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The  temperature  of  vaporization  in  degrees  Centigrade  is  indicated  by  /,  the  latent  heat  in 
large  calories  per  kilogram  or  in  small  calories  or  therms  per  gram  by  r ;  the  total  heat  from  o^ 
C,  in  the  same  units  by  H.    The  pressure  is  that  due  to  the  vapor  at  the  temperature  /. 


Substance. 


Acetic  acid 

Air 

Alcohol:  Amyl 

Ethyl 

a 
(( 
n 
(I 

Methyi 

it 

tt 

tt 

n 
It 

•    <    •   • 

Aniline 

Benzene 

Bromine 

Carbon  dioxide,  solid. 
"      Uquid 

((  ((  (C 

tt  it  ,    <( 

tt  tt  ti 

tt  tt  it 

tt  tt  ti 

"       disulphide . . . 

(f  it 

it  tt 

Chloroform 

Ether 

it 

it 

tt 

it 

Ethyl  bromide 

"     chloride 

"     iodide 

Heptane 

Hexane 

Iodine 

Mercury 

Nitrogen 

Octane 

Oxygen 

Pentane 

Sulphur 

Sulphur  dioxide 

it  it 

it  it 

Toluol 

Turpentine 


Formula. 


CaxliOs 

CsHijO 
CHeO 

it 
it 
ct 

CH4O 

tt 

ti 
it 
tt 
u 
ti 

CbHtN 

cai« 

Br 
COj 

tt 
tt 
it 
it 
It 

cs, 

it 
it 
tt 

CHCU 

C4H10O 

(( 

it 
it 
ti 

CjHftBr 

CaHfiCl 

C2H5I 

CrHie 

C«Hi4 

I- 

Hg 

N2 

CsHis 

O, 

CsHij 

S 

SO, 

tt 
tt 

C7H8 

CioHio 


rc 


118* 

131 
78.1 

o 

50 

100 

150 
64-5 

o 

50 

IQO 

ISO 
200 

238 -5 
184 

80.1 

61 

-25 
o 

12.35 

22.04 

29.85 

30.82 

46.1 
o 
100 
140 

60. 

34 

34 

o 

50 
120 
38.2 
12. S 

71 
90 

70 

357. 
-195.6 

130 
-182.9 

30 
316 
o 
30 

65 
III 

1593 


9 
5 
9 


84.9 

50.97 
120 

205 

236 


267 
2S9 


no 
92.9 
45.6 

72.23 

57.48 
44-97 
31.8 
14.4 
372 
83.8 
90 


58.5 
88.4 

90.5 
94 


60.4 

47 

77.8 

79.2 

23.95 
65 

47.65 
70.0 

50.97 
85.8 

362.0 

91.  2 

80.5 
68.4 
86.0 
74.04 


255 
236 

264 

267 

28s 

307 
289 

274 
246 

206 

152 
44-2 

127.9 
138.7. 


94.8 

90 

100.5 
102.4 

72.8 
107 

94 

115.1 
140 

98 


Authority. 


Ogier. 

Fenner-Richtmyer. 

Schall. 

Wirtz. 

Regnault. 

ti 

tt 
tt 

Wirtz. 

Ramsay  and  Young. 

ti    ■     It         tt  " 


it 
tt 
tt 
It 


tt 
tt 
tt 
tt 


tt 
tt 
It 
tt 


Mean. 

Wirtz. 

Andrews. 

Favre. 

Cailletet  and  Mathias. 

it  tt  tt 

Mathias. 
tt 

tt 

tt 

Wirtz. 
Regnault. 

tt 

Wirtz. 
It 

Andrews. 

Regnault. 

(I 

it 

Wirtz. 

Regnault. 

Mean. 

Young. 
ti 

Favre  and  Silbermann. 

Mean. 

Alt. 

Yoimg. 

Alt. 

Young. 

Person. 

Cailletet  and  Mathias. 


It 

it 


tt 
tt 


It 
tt 


Mean. 
Brix. 
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Tables  S96-tS7. 

LATENT  HEAT  OF  VAPORIZATION. 

TABLE  S55.  —  FonnuUe  for  Latent  and  Total  Heats  of  Vapors. 


r  «  latent  heat  of  vaporization  at  ^  C;  H  »  total  heat  from  fluid  at  o**  to  vapor  at  ^  C.    T*  refers  to  Kdvis 
scale.    Same  units  as  preceding  table. 


Acetone,  C«H«0 

Benzol,  C«Hi 

Carbon  dioxide. 

Carbon  bisulphide,  CSi. 


Carbon  tetxachloride,  CCU. 


Chloroform,  CHCb. 

Ether,  CtHtfO 

Molybdenum 

Nitrogen,  Nt 

Nitrous  oxide,  NtO 

Oxygen,  Oi 

Platmum 

Sulphur  dioxide — 

Tungsten 

Water,  HiO 


H  =  140.  s  +  0.36644/  —  0.0005x6/* 

-  139.9+0.23356!  +0.00055358/* 
r    ■■  139. 9  —  0.27287/ +0. 0001571/* 
H  —  100. o  +0.24429/  —0.0001315^ 

f«  =  118.485(31  -  /)  -  0.4707(31  -  /)* 

H  «  90.0  +  o.  1460Z/  —  0.0004123/* 

i^  "  89. 5  +  o.  16993/  —  o.ooioi6i/>  +  0.01342/* 

f     =»  89.5  —  0.06530/  —  0.0010976/*  +  O.Oi342/» 

H  ■■  52.0  +  0. 14625/  —  0.000172/* 

B  =  SI.  9  +0.17867/  —  0.0009599/*  +  0.0*3733/* 

f    ■  SI.9  —  0.01931/  —  0.00x0505/*  +0.0*3733/* 

H  ««  67.0 +  0.1375/ 

ff  =»  67.0  +  o.  14716/ —  0.0000937/* 

f    =»  67.0  —  0.08519/ —  0.0001444/* 

H  —  94.0  +0.45000/  —  0.0005556^ 

f    =  94.0  —  0.07900/ —  0.00085x4/* 

f    =  177000  —  2.5r(cal/g-atom) 

f   «  68.8s  -o.2736r 

f*  »  131. 7S(36. 4  —  0 —0.928(36.4  — /)• 

r    =69.67—0.20807' 

f    —  128000  ~  2.5r(cal/g-atom) 

f    =»  91.87  —0.3842/  —  0.000340^ 

f    »  2x7800  —  i.8r(cal/g-atom) 

H  —  638.9  +o.374S(/  —  100)  —  o.ooo99(/  —  xoo)* 

r    -  94. 2x0(365  -  /)••«"<•    (See  Table  259) 


-3* 

to  147* 

R 

-3 

147 

W 

-3 

147 

W 

7 

315 

K 

-2S 

31 

C 

-6 

143 

R 

-6 

143 

W 

-6 

143 

W 

8 

163 

R 

8 

163 

W 

8 

163 

W 

-s 

159 

R 

-s 

259 

W 

-5 

1 59 

W 

-4 

I2X 

R 

—4 

121 

R 
L 
A 

-20 

36 

C 
A 

L 

0 

20 

M 

L 
D 

0 

100 

H 

R,  Regnault;  W,  Winkdmann;   C,  Cailletet  and  Mathias;   A,  Alt.;   D,  Davis;  H;  Henning;  L,  Langrauir. 


TABLE  S66. — Latent  Heat  of  Vaporization  of  Ammonia. 

CALORIES  PER  GRAM. 


1 

•c 

0 

X 

2 

3 

4 

5 

6 

7 

8 

9 

-40 

331. 7 

332.3 

333.0 

333.6 

334-3 

334.9 

335. 5 

336.2 

336.8 

337.5 

-30 

324.8 

325s 

326.2 

326.9 

327.6 

328.3 

329.0 

329.7 

330.3 

331.0 

—20 

317.6 

3x8.3 

319. 1 

319.8 

320.6 

321.3 
313.8 

322.0 

322.7 

323.4 

^m 

—10 

309.9 

310.7 

3". 5 

3x2.2 

313-0 

314.6 

3x5.3 

316. 1 

3x6.8 

—  0 

301.8 

302.6 

303 -4 

304.3 

305.1 

305.9 

306.7 

307.5 

308.3 

309.1 

+  0 

30X.8 

300.9 

300.x 

299.2 

298.4 

297.5 

296.6 

295.7 

294.9 

294.0 

+10 

293.1 

292.2 

291.3 

290.4 

2J9.5 

288.6 

287.6 

286.7 

285.7 

284. 8 

+20 

283.8 

282.8 

281.8 

280.9 

279.9 

278.9 

277.9 

276.9 

275.9 

274  9 

+30 

273.9 

272.8 

27X.8 

270.7 

269.7 

268.6 

267.5 

266.4 

265.3 

264.3 

+40 

263.  X 

262.0 

260.8 

259-7 

258. 5 

257. 4 

256.2 

255.0 

253-8 

252.6 

■ 

Osborne  and  van  Dusen,  Bui.  Bureau  Standards,  14,  p.  4391 1918. 


TABLE  157.  — "Latent  Heat  of  Pressure  Variation"  of  Liquid  Ammonia. 

When  a  fluid  undergoes  a  change  of  pressure,  there  occurs  a  transformation  of  energy  into  heat  or  vice  versa,  which 
results  in  a  change  of  temperature  of  the  substance  unless  a  like  amount  of  heat  is  abstracted  or  added.  This  change 
ezpreued  as  the  heat  so  transformed  per  unit  change  of  pressure  is  the  "latent  heat  of  pressure  variation."  It  is  ex- 
pressed bdow  as  Joules  per  gram  per  kg/cm*.    Osborne  and  van  Dtisen,  loc.  cit.,  p.  433,  1918. 


Temperature  "C 
Latent  heat 

-44.1 
-.055 

-39.0 
-057 

—  24.2 
-.068 

—0.2 
-.088 

+16.5 
-.X07 

+26.5 

-.X23 

+35.4 
-.140 

+40.3 

-.xso 
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The  following  table  of  theoretical  values  is  taken  from  J.  W.  Richards,  Tr.  Amer.  Electr:ch. 
Soc.  13,  p.  447,  1908.  They  are  computed  as  follows:  STm  (8  -  mean  value  atomic  specific 
heat,  Dulong-Petit  constant,  o*  to  r*  K,  r«  -  melting  point,  Kelvin  scale)  plus  2Tm  (latent 
Ixeat  of  fusion  is  approximately  2Tmj  J.  Franklin  Inst.  1897)  plus  io(r6  -  Tm)  (specific  heat 
of  liquid  metals  is  nearly  constant  and  equal  to  that  of  the  solid  at  Tm,  Th  ->  boiling  point,  Kelvin 
scale)  plus  23 Tt  (23  -  Trouton  constant;  latent  heat  of  vaporization  of  molecular  weight 
in  grams  is  approximately  23  times  Tb)  -  33^5.  Total  heat  of  vapor  when  raised  from  273"  K 
(o®  C)  equals  33 r^  -  1700  (mean  value  of  Dulong-Petit  constant  between  o**  and  273"  K  is 
X  700).   Heats  given  in  small  calories  per  gram. 


Ele^ 
ment 

Tb 
•K 

9sTb 

Latent 
heat  of 
vapori- 
zation. 

3$Tb- 
1700 

Total 
heat 

vapor 
from 

a73-K 

Ele- 
ment 

Tb 

2iTb 

Latent 
heat  of 
vapori- 
zation. 

SSTb- 
1700 

Total 
heat  of 
vapor 
from 
273*K 

Hg 

630 

14,500 

72 

19,100 

96 

Rh 

2773 

63,800 

620 

90,000 

870 

K 

993 

22,800 

590 

31,100 

800 

Ru 

2790 

64,100 

630 

90,000 

880 

Cd 

1050 

24,200 

230 

33,000 

310 

Au 

2800 

64,500 

330 

91,000 

460 

Na 

1170 

27,000 

II70 

37,000 

1610 

Pd 

2810 

64,600 

610 

91,000 

850 

Zn 

1200 

27,700 

430 

38,000 

580 

Ir 

2820 

64,800 

340 

91,300 

470 

In 

1270 

29,300 

40,300 

Os 

2870 

66,000 

350 

93,000 

490 

Mg 

1370 

31,600 

1320 

43,600 

1820 

U 

3170 

73,000 

305 

103,000 

430 

Te 

1660 

38,200 

300 

54,900 

430 

Mo 

3470 

80,000 

830 

113,000 

1180 

6i 

1710 

39,300 

190 

56,400 

270 

W 

3970 

91,400 

500 

129,000 

700 

Sb 

1870 

43,100 

360 

60^000 

510 

H, 

20 

460 

230 

— 

— 

Tl 

1970 

45,400 

220 

• 

63,400 

310 

N, 

77 

1,770 

63 

— 

— 

Pb 

2070 

47,700 

230 

66,700 

320 

0, 

85 

1,960 

6i 

— 

— 

Ag 

2310 

53,000 

490 

74,600 

690 

CI, 

251 

5,780 

8i 

— 

-^ 

Cu 

2370 

54,500 

860 

76,600 

I2IO 

Br, 

331 

7,600 

48 

— 

— 

Sn 

2440 

56,100 

480 

78,800 

670 

I. 

447 

10,300 

27 

— 

— 

Mn 

2470 

56,500 

1030 

79,500 

1440 

P. 

560 

13,000 

138 

— 

— 

Ni 

2690 

59,800 

lOIO 

84,000 

1420 

Ast 

723 

16,600 

74 

— 

— 

Cr 

2640 

60,700 

II70 

85,400 

1640 

Sei 

963 

22,100 

94 

— 

— 

Fe 

2690 

62,000 

II 10 

87,200 

1560 

B, 

3970 

91,000 

4200 

— 

— 

Ft 

2720 

62,600 

320 

88,000 

450 

c. 

3970 

91,000 

3800 

— 

— 

Ti 

2750 

63,200 

1320 

89,000 

1850 
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Tablc  269. 

PROPERTIES  OF  SATURATED  STEAM. 

K«tilo  and  (kauBoa  UnltB. 


Reprinted  by  permission  of  the  author  and  publishers  from  "  Tables  of  the  Properties  of  Steam,"  Cecil  H.  Peabody, 
8th  edition,  rewritten  in  1909.  Calorie  used  is  heat  required  to  raise  i  Kg.  water  from  15°  to  16°  C.  B.  T.  U.  is  heat 
required  to  raise  i  pd.  water  from  62*^  to  63^  F.  Mechanical  Equiv.  of  heat  used,  778  ft.  pds.  or  427  m.  Kg.  Specific 
heats,  see  Bames-Kegnault-Peabodv  results,  p.  227.  Heat  of  Liquid,  q.  heat  required  to  raise  i  Kg.  (i  lb.)  to  corre- 
sponding temperature  from  oP  C  Heat  of  vaporization,  r.  heat  required  to  vaporize  i  Kg.  (t  lb.)  at  correspoodiag  tem- 
erature  to  drv  saturated  vapor  against  corresponding  pressure;  see  Henning,  Ann.  der  Fhys.,  21,  p.  849,  1906.  Toui 
eat,  H  =  r4'<l*  *««  Davis,  Tr.  Am.  Soc.  Mech.  £ng.,  1908. 


Pressure. 

Heat  of  the 
Liquid. 

Heat  of 
Vaporization. 

Heat  Equivalent 

of 
Internal  Work. 

S    .r  i 

Mm.  of 
Mercury. 

Kg. 

per  sq.  cm. 

Pds. 
per  sq.  in. 

Calories. 

B.  T  U. 

Calories. 

B.  T.  U. 

Calories. 

B.  T.  U. 

t. 

1 

1 

i    "" 

p. 

p. 

p. 

q. 

q. 

r. 

r. 

P 

p. 

t. 

4.579 

0.00623 

0.0886 

0.00 

0.0 

595-4 

107 1.7 

565.3 

IOI7.5 

32.0 

5 

6.541 

.00889 

.1265 

504 

9.1 

592.8 

1067.1 

562.2 

IOII.9 

41.0 1 

10 

9.205 

.01252 

.1780 

10.06 

18. 1 

%^ 

1062.3 
1057.0 

559.0 

ioo6.2 

50.0 

15 

12.779 

.017^7 
.02381 

.2471 

15.06 

27.1 

555-9 

1000.  J 

994.8 

59.0 

20 

17.51 

•33«6 

20.06 

36.1 

584.9 

1052.8 

552.7 

68.0 

25 

2369 

.03221 

.4581 

25.05 

45-1 

582.3 

1 048. 1 

549.5 

^I 

77.0 

'  30 

3171 

.043  n 

.6132 

30.04 

54.1 
63.1 

579.6 

I04i3 
1038.5 

546.3 

983.4 

8do 

35 

42.02 

•05713 

.8126 

3503 

576.9 

543.1 

977.6 

95.0, 

1  40 

5513 

•07495 

1.0661 

40.02 

72.0 

574.2 

1033s 

539.9 

971.7 

104.0' 

'  45 

1 

71.66 

•09743 

1.3858 

45.00 

81.0 

571.3 

1028.4 

536.5 

965.7 

"3.0, 

i  50 

92.TO 
1 1705 

.12549 

1.7849 

49-99 

90.0 

568.4 

1023.2 
1018.1 

533.0 

959.6 

122.0 

55 

.16023 

^'VJ^ 

54.98 

90.0 

565.6 

5297 

953.5 

131.0 

'    60 

149.19 

.20284 

2.885 

64.98 

108.0 

562.8 

1013.1 

526.4 

947.5 

140.0 

1    65 

187.36 

.2547 

3623 
4.516 

117.0 

559.9 

1007.8 

523.0 

941.3 

149.0 

70 

23353 

•3J75 

69.98 

126.0 

556.9 

1002.5 

519.5 

935.0 

158.0, 

1 
25 

289.0 

•3g-2 

l^ 

74-99 

'35-0 

554.0 

997.3 

516.0 

928.8 

167.0 

80 

355-' 

.4828 

80.01 

144.0 

551. 1 

991.9 

512.6 

922.6 

176.0 

'    85 

433-5 

.5894 

8.383  • 

85.04 

I53-I 
162. 1 

548.1 

509.1 

916.3 

1 85.0 1 

90 

525.8 

•7149 

10.167 

90.07 

544.9 

980.9 

505-4 

909.9 

194.0 

1 
91 

546.1 

.7425 

10.560 

91.08 

163.9 

544.3 

979.8 

504.7 

908.5 

195.8 

'    92 

567  I 

.7710 

10.966  . 

92.08 

165.7 

543.7 

978.7 

504.0 

907.2 

197.6 

93 

588.7 
on.o 

.8004 

11.384 

n.815 

9309 

167.5 

543.' 

977.6 

503.3 
502.6 

906.0 

199.4 

,    94 

.8307 

94.10 

169.3 

542.5 

976.5 

904.7 

201.2 

^l 

634.0 

.8620 

12.260 

95.  n 

171. 2 

541.9 

975.4 

501.9 

903.4 

2oy>\ 

Ul'^ 

.8942 

12.718 

96.12 

1730 

541.2 

974.2 

501. 1 

902.1 

204.8 

97 

.9274 

13.190 

97.12 

174.8 

540.6 

973.1 

500.4 

900.8 

206.6 

98 

707-3 

.9616 

13.678 

98.13 

176.6 

539-9 

971.9 

499.6 

899.4 

20S.4 

99 

733-3 

■9970 

14.180 

99.14 

178.5 

539-3 

970.8 

498.9 

898.2 

2i0.2 

100 

760.0 

'•0333 

14.697 

100.2 

180.3 

538.7 

969.7 

498.2 

896.9 

21 2.0  < 

ipi_ 

787.5 

1.0707 

15.229 

101.2 

182.1 

538.1 

968.5 

496.8 

895.5 

213.8, 

102 

815.9 

1. 1093 

15.778 
16.342 

102.2 

183.9 

537.4 

9673 

894.1 

215.6' 

103 

845.1 

1. 1490 

103.2 

185.7 

536.8 

966.2 

496.1 

S92.9 

217.4 

104 

875.1 

1. 1898 

16.923 

104.2 

187.6 

536.2 

965.1 

495.4 

891.6 

219.2' 

:^ 

906.1 

1.2319 

17.522 

105.2 

189.4 

535.6 

964.0 

494.7 

890.3 

221.0 

937.9 

1.2752 

18.137 

106.2 

191.2 

534-9 

962.8 

493-9 

889.0 

222.S 

107 

970.6 

1.3196 

18.769 

107.2 

1930 

534.2 

961.6 

493.  J 

887.6 

224.6' 

(08 

1004.3 

1-3653 

19.420 

108.2 

194.8 

533.6 

960.5 

492.4 

.  886.3 

226.4, 

109 

1038.8 

1.4123 

20.089 

109.3 

196.7 

532.9 

959.3 

491.6 

885.0 

228.2 

1 

no 

1074.5 

1.4608 

20.777 

110.3 

198.5 

532.3 
531.0 

958.  i 

490.9 

883.6 

1 
230,0; 

III 

nn.i 

1.5106 

21.486 

111.3 

200.3 

956.9 

490.2 

882.3 

231.8 ! 

112 

n48.7 

1. 5617 

22.214 

112.3 

202.1 

530.9 

955.7 

489.4 

880.9 

233.6 

"3 

1 187.4 

1.6144 

22.962 

1 1 3.3 

203.9 

530.3 
529.6 

954.5 

488.7 

879. 5 

235.4 

114 

1227.1 

I.66S4 

23729 

"4-3 

205.8 

953-3 

487.9 

878.2 

237.2 

« 

'  "1 

1  no 

1267.9 

1.7238 

24.518 

"53 

207.6 

528.9 

952.1 

487.1 

876.8 

239.0 

1309.8 

1.7808 

26.160 

116.4 

209.4 

528.2 

950.8 

486.3 

875.4 

240.8 

1  "^ 

1352.8 

1.8393 

117.4 

211.2 

527.5 

949.5 

484!! 

873.9 

242.6 ' 

!  nS 

1397.0 

1-8993 

27.015 

118.4 

213.0 

526.9 

948.4 

872.6 

244.4; 

"9 

1 

1442.4 

i.96n 

27.893 

119.4 

214.9 

526.2 

947.2 

484.0 

871.3 

24612 

1 
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If  a  is  the  reciprocal  of  the  Mechanical  Equivalent  of  Heat,  p  theprenure,  s  and  9  the  specific  volumes  of  the 
liquid  and  the  saturated  vapor,  s  —.9,  the  change  of  volume,  then  the  heat  equivalent  of  the  external  work  is  Apu  = 
Ap(8  —  9).  Heat  equivalent  of  internal  work,  p  ^  r  —  Apu.  For  experimental  sp.  vols,  see  Knoblauch,  Linde  and 
Klebe,  Mitt,  ttber  Forschungarbeiten,  ai,  p.  33,  1905.  Entropy  =  S  dQ/T,  where  dQ  =  amount  of  heat  added  at  ab- 
solute temperature  T.  For  pressures  of  saturated  steam  see  UolbOrn  and  Henning,  Ann.  der  Phys.  26,  p.  833, 190S ; 
lor  temperatures  above  x>$°  C.  corrected  from  Regnault. 


o 

5 
10 

15 
20 

25 

30 

35 
40 

45 
50 

65 
70 

75 
80 

85 
90 

92 

93 

94 

96 

97 
98 
99 

100 

lOI 

102 
103 
104 

106 
107 
108 
109 

no 
III 
112 

"3 
114 

"5 
116 

117 

118 

119 


Heat  Equivalent 

of  External 

Work. 


Calories. 


Apu. 


3a  I 
30.6 
31.2 

32.2 

32.8 

33-3 
33-8 
34.3 
34.8 

35-4 
35-9 
304 
369 
37.4 

38.0 

38.5 
39-0 
39-5 

39-6 
39-7 
39.8 

39-9 

40.0 
40.1 
40.2 

40.3 
40.4 

40.5 
40.6 

40.6 

40.7 

40.8 

40.9 
41.0 
41.1 
41.2 

413 

41.4 
41.4 

41^5 
41.6 

41.7 

41.8 
41.9 
42.0 
42.1 
42.2 


B.T.U. 


Apu. 


54.2 

55-2 
56.1 

58.0 

59.0 

59-9 
60.9 

61.8 

62.7 

63.6 
64-6 
65.6 
66.5 

67.4 

68.5 

693 
70.2 

71.0 

7'-3 

71.6 
71.8 

72.0 
72.1 

72.3 

72.5 
72.0 

72.8 

73-0 
73-2 
73-3 
73-5 

73-7 
73.8 
74.0 
74.2 

74.3 

74.; 
74.6 

74.8 
75.0 

75-1 

75-3 
75-4 
75.6 

75-8 
75-9 


Entropy 
of  the 
Liquid. 


0.0000 
.0183 
.0361 

•0537 
.0709 

.0878 
.1044 
.1207 
.1368 
.1526 

.1682 
.1835 
.1986 

.2n5 
.2282 

.2427 
.2570 
.2711 
.2851 

.2879 
.2906 

•2934 
.2961 

.2989 
.3016 

•3043 
.3070 

•3097 

•3'25 
•3' 52 
•3179 
•3205 
.3232 

•3259 
.3286 

•3312 

•3339 

•3365 

•3392 
.3418 

•3445 
•3471 
•3498 

•3524 

•3550 
•3576 
.3602 
.3628 


Entropy 
of  Evapo- 
ration. 


r 
T 


2.1804 
2.1320 
2.0850 
2.0396 

1.9959 

1-9536 
I.9126 

1.8728 
1-8341 
1.7963 

1.7597 
1.7242 

1.6899 

1.6563 

1.6235 

1.5918 
1.5609 
1.5307 
1. 5010 

1.4952 
14894 
1.4836 

1.4779 

1.4723 
1.4666 

1.4609 

1-4552 
1.4496 

14441 
1.4386 

14330 

1.4275 
1.4220 

1.4165 
1.4111 

1.4057 
1.4003 

1.3949 

1.3895 
1 .3842 

1.3789 
1.3736 
1.3683 

1.363' 
1-3579 
1-3527 
1-3475 
1.3423 


Specific  Volume. 


Cubic  Meters 
per  Kilo- 
gram. 


206.3 

147.1 
106.3 

77-9 
57.8 

43.40 

3295 
25.25 
19.57 
15-25 

12.02 
9.56 
7.66 
6.19 

5.04 

4.130 

3.404 
2.824 

2.358 

2.275 
2.197 

2.122 
2.050 

1.980 

1. 91 3 

1.849 

1.787 
1.728 

1. 67 1 
1. 61 7 
.  1.564 
1-514 
1.465 


1.209 
1. 172 

1.136 
I.IOI 
1.068 

1.036 

1.005 

0.9746 

0.9460 

0.9183 


Cubic  Feet 

per 

Pound. 


3304. 
2356. 
1703. 
1248. 
926. 

695. 
528. 
404.7 

313.5 
244.4 

192.6 

133.2 
122.8 

66.2 

54.5 
45-23 

37-77 

36.45 

3519 
34.00 

32.86 

31.75 
30.67 

29.63 

28.64 

27.69 

26.78 
25.90 
25.06 
24.25 

2347 

22.73 
22.01 

21-31 
20.64 

19.99 

•  19.37 
18.77 

18.20 

17.64 

17.10 

16.59 
16.09 
15.61 
15.16 
14.72 


Density. 


Kilon-ams 

per  Cubic 

Meter. 


1 

8 


0.00485 
.00680 
.00941 
.01283 
.01730 

.02304 
•03035 

x>396o 

•OS  II 

•.0656 

.0832 
.1046 

•1305 
.1615 

.1984 

.2421 

.2938 

.3541 
.4241 

•4395 
-4552 
.471 
.487 

•505 
•523 
.541 
.560 

•579 

.598 
.618 

•639 
.661 

.683 

.705 
.728 

.751 
.776 

.801 

.827 

.880 
.908 
•936 

.965 

-995 
1.026 

1057 

f.089 


Pounds 

per. 

Cubic  Foot. 

1 

8 


0.000303 
.000424 
.000^87 
.000801 
.001080 

.001439 
.001894 
.00247  1 
.003190 
.004092 

.00519 
.00653 
.00814 
.01008 
.01239 


.01 

.01  i 

.02211 

.02648 


;io 
^35 


.02743 
.02842 
.02941 
.03043 

.03149 
.03260 

-03375 
.03492 
.0361 1 

-03734 
.03861 

.03990 

.04124 

.04261 

.04400 

.04543 
.04692 

.04845 

.0500 

.0516 

-0533 
.0550 
.0567 

.0585 

.0603 
.0622 
.0641 
.0659 
.0679 


32.0 
41.0 
50.0 

60.0 

77.0 

86.0 

95.0 

1040 

I  13.0 

122.0 
131-0 
140.0 
140.0 
158.0 

167.0 
176.0 
185.0 
194.0 

195.8 
197.6 

199.4 
201.2 

203.0 
204.8 
206.6 
208.4 
210.2 

212.0 

213.8 
215.6 

217.4 
219.2 

221.0 
222.8 
224.6 
226.4 
228:2 

230.0 

231.8 

233-6 

235.4 
237.2 

239.0 
240.8 
242.6 
244.4 
246.2 
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Table  259  {ctmOmud). 

PROPERTIES  OF  SATURATED  STEAM. 

Xttxlo  and  Oommon  Unitg. 


£      • 

^^  - 

Heat  of 

Heat  of 

Heat  Equivalent  oi 

9  «.§ 
Ill 

5"t;  t: 

iressure 

the  Liquid. 

Vaporization. 

Internal  Work. 

9  K'S 

PI 

Mm. 

Kg. 

Pds. 

l^A 

of 

per  sq. 

per«q. 

Calories. 

B  T.  U. 

Calories. 

B.  T.  U. 

Calories 

B.  T.  U. 

I^S 

H     ^ 

Mercury. 

cm. 

in. 

• 

H    * 

t. 

P- 

P- 

p. 

q- 

q 

r 

r. 

P 

p. 

t. 

120 

1489 

2.024 

28.79 

120.4 

216.7 

525-6 

946.0 

483.4 

870.0 

248.0 

121 

1537 

2.0S9 

29.72 

I2I.4 

218.5 

524.9 

944.8 

482.6 

868.6 

249.S 

122 

2.150 

30.66 

122.5 

220.4 

524.2 

943-5 

481.8 

867.1 

251.6 

123 

I& 

2.224 

31.64 

123.5 

222.2 

523-5 
522.8 

942.3 

481.0 

865.8 

253-4 

124 

1688 

2.294 

32.64 

124.5 

224.1 

941.0 

480.2 

864.3 

255.2 

126 

1740 

2.366 

33.66 

125.5 

225.9 

522.1 

939.9 

479-4 

863.0 

2570 

1795 

2.440 

34.71 

126.5 

227.7 

521.4 

938.6 

478.6 

861.6 

258.8   . 

127 

1850 

2.516 

35-78 
36.88 

127.5 

229.5 

520.7 

937.3 

477.8 

860.2 

26a6 

128 

1907 

2-593 

128.6 

231-4 

520.0 

936.1 

477.0 

858.8 

2624 

129 

1966 

2.673 

38.01 

129.6 

2333 

5»9-3 

934-8 

476.3 

857.4 

264.2  , 

130 

2026 

2.754 

39.17 

130.6 

235-1 
236.9 

518.6 

933-6 

475-5 

856.0 

266.0 

»3i 

2087 

2.837 

40.36 

131.6 

517.9 

932.3 

474.7 

854.6 

267.8  , 

>32 

2150 

2.923 

41.57 

132.6 

238.7 

516.6 

931.1 

474.0 

853.2 

269.6 

133 

2214 

3.010 

42.81 

133-7 

240.6 

929.8 

473.3 

851.8 

2714 

134 

2280 

3.100 

44.09 

134-7. 

242.4 

515.9 

928.5 

472-5 

850.4 

273-2 ; 

13^ 

2348 

3-192 

45.39 
46.73 

135.7 
130.7 

244.2 

515.1 

927.2. 

471.6 

848.9 

275.0 

27d8 

2416 

3285 

246.0 

514.4 

925-9 

470.8 

847.5 

137 

2487 

3-382 

48.10 

137-7 

247.9 

5137 

924.6 

470.1 

846.1 

278.6 

138 

2s6o 

2034 

3.480 

49.50 

138.8 

249-7 

5130 

923-3 

469.3 

844.6 

2804  , 

139 

3.581 

50-93 

139.8 

251.6 

512.3 

922.1 

468.5 

8433 

282.2  ! 

'   140 

2710 

3.684 

52.39 

140.8 

2534 

511.5 

920.7 

467.6 

841.8 

284.0 

141 

2787 

3.789 

53-89 

141.8 

255-3 

510-7 

919-3 

466.8 

840.2 

285^ 

142 

2866 

3.897 

55-43 

142.8 

257.1 

510.1 

918.1 

466.1 

838.9 

287.6 

M3 

2948 

4.008 

57.00 

143-9 

in 

50816 

916.7 

465.3 

837.4 

289.4 

144 

3030  . 

4.121 

58.60 

144.9 

915-4 

464.4 

835.9 

291.2 

'^1 
1   140 

3"5 

4.236 

60.24 

145-9 

262.7 

507-8 

914.1 

463.6 

834.5 

293.0 

3202 

4.354 

61.92 

146.9 

264.5 

507.1 

912.8 

462.8 

?33-J 

294.S  . 

'    147 

3291 

4-474 

63.64 

148.0 

266.4 

506.4 

911.5 

462.0 

831.6 

296.6 

148 

338« 

4-597 

^5-39 

149.0 

268.2 

505.6 

9'21 

461.2 

f32' 

298.4 

149 

3474 

4.723 

67.18 

150.0 

270.1 

504.9 

908.8 

460.4 

828.7 

3oa2 

1   150 

'& 

4.852 
4.984 

69.01 

151.0 

271.9 

504.1 

907-4 

459.5 

827.2 

302.0 

151 

70.88 

152.1 

273-8 

503-4 

906.1 

458.7 

825.7 

303-8 

;  152 

^l^ 

5.118 

72.79 

1 53. 1 

275-6 

502.6 

904-7 

457-9 

824.2 

305.6  , 

1  'S3 

SS 

5-255 

74.74 

154.1 

277  A 

501.9 

903-3 

457-1 

822.7 

307-4 

154 

5-395 

76.73 

155.1 

279.2 

501.1 

901-9 

456.3 

821.2 

309-2  , 

156 

4073 
4I8I 

% 

78.76 
80.84 

156.2 

157.2 

281. 1 
283.0 

500.3 
499-6 

000.5 
899.2 

455-4 
454.6 

819.6 
818.2 

311.0 
•  312.8 

1 

*57 

4290 

5.833 

5.^5 
6.141 

82.96 

158.2 

284.8 

498.8 

897.8 

453-8 

816.7 

314-6  , 

158 

4402 

85.12 

159.3 
160.3 

286.7 

498.1 

896.5 

453-0 

815.3 

3164 

159 

4517 

87.33 

288.5 

497-3 

895.1 

452.1 

813-7 

318.2 

160 

4633 

6.300 

89.59 

161.3 

290.4 

496.5 

893.7 

451.2 

812.2 

320.0 

161 

4752 

6.462 

91.89 

162.3 

^92.2 

495-7 

892.3 

4504 

810.7 

321.8 

162 

4874 

6.628 

94.25 

163.4 

294.1 

494-9 

890.9 

449.5 
448.7 

809.2 

323-6  i 

i   163 

4998 

6.796 

96.65 

164.4 

295-9 

494.2 

889.5 

H'7 

325-4  ' 

164 

5124 

6.967 

99.09 

1 65.-4 

^7-7 

493.4 

888.1 

447.9 

806.2 

327-2  i 

1   i6| 

5253 

7.142 

101.6 

166.5 

299.6 

492.6 

886.7 

447-0 

804.7 

329-0  1 

,   166 

5384 

7.320 

1 04. 1 

167.5 

301.5 

491.9 

5§S.4 

446.3 

803.3 

33oJi 

167 

5518 

5^55- 

7.502 

106.7 

168.5 

3033 

491.1 

!!3-9 

445-4 

801.7 

332.6    ! 

168 

7.688 

109.4 

169.5 
170.6 

305.1 

490.3 

^^•5 

444.6 

800.1 

334-4 

169 

5794 

7.877 

II  2.0 

307.0 

489.5 

881.0 

443-7 

798.5 

3362 

1 
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Heat  Equivalent 
of  Kxternal  Work. 

Entropy 

Entropy 

Specific 

Volume. 

Denuty. 

of  the 

of  Evapo- 

? te 

S.Sf-s 

Liquid. 

ration. 

Cubic 

Cubic 

Kilograms 

Pounds 

tt^t 

i^,s 

Calories. 

B.T.U. 

■ 

Meters  per 

feet  per 

per  Cubic 

per  Cubic 

|-« 

H  ^ 

Kilogram. 

Pound? 

Meter. 

Foot. 

H     ^ 

t. 

Apu. 

Apu. 

e. 

r 

s. 

s. 

1. 

■ 

I. 

• 

t.         1 

120 

42.2 

76.0 

°fd^ 

J -337  2 

0.8914 

14,28 

1. 122 

0.0700 

248.0 

121 

42.3 

76.2 

I  332 1 

.8653 

1386 

1.156 

.0721 

249.8 

122 

42.4 

76.4 

•3705 

1.3269 

.8401 

13.46 

1.190 

•0743 

251.6 

123 

42.5 

76.5 

•3733 

1.3218 

.8158 

1 3^07 

1.226 

.0765 
.0788 

253.4 

124 

42.6 

76.7 

•3756 

1.3167 

7924 

12.69 

1.262 

255.2    I 

126 

42.7 

76.8 

.3782 

1.3H7 

.7698 

12.33 

1.299 

.0811 

257.0 

42.8 

77.0 

.3807 

1.3067 

•7479 

11.98 

J -337 

-0835 

258.8 
260.6 

127 

42.9 

77-1 

1.3017 

.7267 

11.64 

1-376 

■^l 

128 

430 

77-3 

1.2967 

7063 

11.32 

1.416 

262.4    ' 

129 

430 

77.4 

1. 291 7 

.6867 

11.00 

1.456 

.0909 

264.2 

130 

43-1 

77.6 

•3909 

1.2868 

.6677 

10.70 

1.498 

•0935 

266.0 

131 

43-2 

777 

.393* 

1.2818 

•6493 

10.40 

1.540 

.0961 

267.8 

132 
133 

43-3 
43-3 

77-9 
78.0 

.3959 
.3985 

1.2769 
1.2720 

•6315 
.6142 

10.12 
9.839 

1.628 

.0988 
.1016 

269.6 
271.4 

134 

43-4 

78.1 

.4010 

1.2672 

•5974 

9.569 

1.674 

.1045 

2732 

'35 

430 

78.3 

•4035 
.4060 

1.2623 

.5812 

9309 

1.721 

.1074 

275.0 

136 

78.4 

^•2574 

.5656 

9.060 

1.768 

.1104 

276.8 

'37 

43-6 

78.5 

.4085 

1.2526 

.5506 

.    8.820 

1.816 

•II34 
.1165 

.1196 

278.6 

'38 

43-7 

757 

.4110 

1.2479 

•5361 

8.587 

1.865 

1. 91 6 

280.4 

139 

43^ 

78.8 

.4135 

1.2431 

.5219 

8.360 

282.2 

1 

140 

43-9 

78.9 

.4160 

12383 

.5081 

8.140 

1.968 

.1229 

284.0    1 

141 

43-9 

79.1 

.4185 

'•^335 
1.2288 

•4948 
.4819 

7.926 

2.021 

.1262 

285.8    1 

142 

44.0 

79.2 

.4209 

7719 

2.075 

.1296 

287.6 

143 

44.0 

79-3 

•4234 

1.2241 

.4694 

7.519 

^•'35 

.'330 
•'3^5 

289.4 

144 

44.2 

79.5 

•4259 

1.2194 

•4574 

7.326 

2.186 

291.2 

140 

44.2 

79.6 

.4283 

1.2147 

■4457 

7-^39 

2.244 

.1401 

293.0 

44.3 

797 

.4307 

1. 2100 

■4343 

6.9^7 
6.780 

2.303 

.1437 

294.8 

147 

44.4 

79-9 

•4332 

1.2054 

.4232 

2.363 

-'475 

296.6 

148 

44.4 

80.0 

.4356 
.4380 

1.2008 

.4125 

6.609 

2.424 

-1513 

298.4 

149 

44.5 

8o.i 

1.1962 

.4022 

6.443 

2.486 

•1552 

300.2 

1    150 

44.6 

80.2 

.4405 

1.1916 

.3921 

6.282 

2.550 
2.615 

.IQ92 

302.0 

1    151 

44.6 

80.4 

.4429 

1.1870 

.3824 

6.126 

.1632 

303-8 

1      »52 

447 

80.5 
80.6 

•4453 

1. 1824 

•3729 

5?74 

2.682 

.1674 

305.6 

153 

44.8 

.4477 

1. 1778 

•3637 

5.826 

2.750 

.1716 

3074 

154 

44-8 

80.7 

.4501 

'•'733 

•3548 

S.683 

2.818 

.    .1759 

309.2 

'55 

44.9 

80.9 

•4525 

1. 1688 

.3463 

5.546 

2.888 

.1803 

311.0 

156 

45.0 

81.0 

•4549 

1.1644 

.3380 

5.413 

2.959 

.1847 

312.8 

'57 
158 

45.0 
45.1 

81. 1 
81.2 

•4573 
.4596 

.4620 

J-I599 
I-J554 

.3298 
.3218 

5.282 
5.154 

3-032 
3.108 

.'893 
.1940 

314.6 
316.4 

159 

45-2 

81.4 

1.1509 

.3140 

5.029 

3.185 

.1988 

318.2 

160 

45-3 

81.5 
81.6 

.4644 

1.1465 

.3063 

4.906 

3.265 

.2038 

1 
320.0 

161 

45-3 

.4668 

1. 1421 

•2989 

4.789 

3.345 

321.8 

162 

45-4 

81.7 

.4692 

^•1377 

.2920 

4^677 

3.425 

•"25 

323.6 

'^3 

45-5 

81.8 

•471$ 

I -1333 
I.I  289 

•2855 

4^571 

3-503 

.2188 

325^4 

164 

45-5 

81.9 

•4739 

.2792 

4.469 

3-582 

.2238 

327^2 

;^ 

45.6 

82.0 

■.fM 

I.I24S 

.2729 

4.368 

3.664 

.2289 

329-0 

45-6 

82.1 

1. 1202 

.2666 

4.268 

3.751 

•2343 

330.8 

167 

4S7 

82.2 

.4810 

1,1159 

.2603 

4.168 

3-842 

•2399 

332.6 

168 

45-7 

82.4 

4833 

1.1115 

.2540 

4.070 

3-937 

.2457 

334-4 

169 

45.8 

82.5 

•4857 

1. 1072 

.2480 

3^975 

4.032 

.2516 

3362 
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Table  269  {c^ntimud). 
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Presnire. 

Heat  of 

Heat  of 

Heat  Equivalent 

.  -.  ! 

the  Liquid. 

Vaporization. 

of  Internal  Work. 

255 

Mm. 

Kg. 

Pd«. 

- 

of 

persq. 

per«q. 

Calories. 

B.  T.  U. 

Calories. 

B.T.U. 

Calories. 

B.  T.  U. 

goj 

Mercury. 

cm. 

m. 

1 

t. 

P- 

P- 

V- 

q. 

q. 

r. 

r. 

P- 

p. 

t.        ! 

170 

5^7 

8.071 

1 14.8 

171.6 

308.9 

488.7 

879.6 

442.8 

797.0 

338-0 

«7i 

8.268 

117.6 

172.6 

310.7 

487.9 

878.3 

441.9 

795-6 

339^ 

172 

6229 

8.469 

120.4 

1737 

312.6 

487.1 

876.9 

441.1 

794.1 

341.6 

J73 

6379 

8.673 

123.4 

174.7 

3M.5 

486.3 

875.4 

440.2 

792.5 

343-4 

174 

6533 

8.882 

126.3 

175.7 

316.3 

485.5 

873-9 

439.4 

790.9 

345.2   , 

176 

684^ 

9.094 

129^ 

176.8 

318.2 

484.7 

872.4 

438.5 

789-3 
787.8 

^Vo 

9.310 

132.4 

177.8 

320.0 

483.9 

871.0 

437-7 

348^ 

177 

7010 

9-531 

li^:t 

178.8 

321.8 

483.1 

869.5 

436.8 

786.2 

350.6   , 

178 

7175 

9-755 
9.983 

179.9 

Z^Z'7 

482.3 

868.1 

436.0 

784.7 

352-i 

179 

7343 

142.0 

180.9 

325.6 

481.4 

866.6 

435-0 

783.1 

3S4-2    1 

180 

7SI4 

10.216 

145.3 

181.9 

327.5 

480.6 

ffS'l 

434.2 

781.5 

3S6x)  1 

181 

7688 

10.453 

148.7 

183.0 

329.3 

479-8 

863.6 

433-3 

779.9 

357.8 

182 

7866 

10.695 

1 52.1 

184.0 

331.2 

479.0 

862.2 

432.5 
431.6 

7784 

359-6   : 
361  4   , 

'f^ 

8046 

10.940 

155.6 

185.0 
186.1 

333.0 

478.2 

860.7 

776.9 

184 

8230 

II. 189 

159.2 

334.9 

477.4 

859-2 

430.8 

775-3 

363-2   1 

'll 

8417 

11.44 

162.8 

187.1 

336.8 

476.6 

857-7 

429.9 

773-7 

366^   1 

186 

8608 

11.70 

166.5 

188.1 

338.6 

475  7 

856.3 

429.0 

772.2 

187 

8802 

11.97 

170.2 

189.2 

340.5 

474-8 

854.7 

428.0 

77?-5 

368.6   ' 

188 

8999 

12.24 

174.0 

190.2 

342.4 

474.0 

853.2 

427.2 

768.9 

3704 

189 

9200 

12.51 

177.9 

191.2 

344.2 

473-2 

851.7 

426.3 

767-4 

372.2    . 

190 

9404 

12.79 

181.8 

1923 

346.1 

472.3 

552-2 

425.4 

765.8 

374.0 

191 

9612 

13.07 

185.9 

193.3 

347-9 

471.5 
470.6 

848.7 

424.5 

764.2 

375.8   1 

192 

9823 

13.36 
13.05 

190.0 

194.4 

349.8 

847.1 

423.6 

762.5 

377.6   1 

193 

10038 

194. 1 

195.4 
196.4 

351-7 

469.8 

845.6 

422.8 

761.0 

3794 

194 

10256 

13.94 

198.3 

353-5 

468.9 

844.1 

421.9 

759-4 

381.2    , 

JP 

10480 

14.25 

202.6 

197.5 

355-4 

468.1 

842.5 

421.0 

757-7 

383.0   i 

10700 

14-55 

207.0 

198.5 

357-3 

467.2 

841.0 

420.1 

756.1 

384.8    ' 

'% 

10930 

14.87 

2114 

199.5 

359-2 
361.1 

466.4 

839.5 

419-2 

754.6 

386.6 

198 

1 1 170 

15.18 

216.0 

200.6 

465.6 

838.0 

4184 

753-0 

388.4    1 

199 

11410 

15-51 

220.6 

201.6 

362.9 

464.7 

8364 

417-4 

751-3 

390-2 

200 

1 1 650 

15.84 
16.17 

225.2 

202.7 

364.8 

463.8 

834-8 

416.5 
415.6 

749-7 

392.0    j 

201 

1 1890 

223.0 

203.7 

366.7 

462.9 

833.3 

748.1 

393.8    I 

202 

1 2 140 

16.  a 

234.8 

204.7 

368.5 

462.1 

831.8 

414.8 

746.6 

395-6 

203 

12400 

16.85 

239-7 

205.8 
206.8 

370.4 

461.2 

830.2 

413-8 

744.9 

397-4 

204 

12650 

17.20 

244.7 

372.3 

460.3 

828.6 

412.9 

743-3 

399.2 

t 

206 

12920 

17.56 

249.8 

207.9 

374.1 

459-4 

827.0 

412.0 

741.6 

1 
401.0 

13180 

17.92 

254.9 

208.9 

376.0 

458.6 

825.4 

411.1 

740.0 

402^ 

207 

13450 

18.29 

260.1 

210.0 

377.9 

457.7 

823.8 

410.2 

738.3 

404.6 

208 

13730 

18.66 

265.4 

2If.O 

379-5 

456.8 

822.2 

409-3 

736.7 

4064 

1    209 

14010 

19.04 

270.8 

212.0 

381.6 

455-9 

820.6 

408.4 

735-1 

40S.2    1 

210 

14290 
14^80 
14870 

19.43 

276.3 

213.1 

383.5 

455-0 

819.1 

407.5 
406.6 

733-6 

410.0   i 

211 

19.82 

281.9 

214.1 

385.4 

454-1 

817.4 

731-9 

411.S 

212 

20.22 

287.6 

215.2 
2 1 0.2 

387.3 

453-2 

815.8 

405-7 

730.2 

413-6 

2'3 

15170 

20.62 

293.3 

389.2 

452.4 

814.3 

404.9 

728.7 

415-4 

214 

15470 

21.03 

299.2 

217.3 

391.1 

45'-5 

812.7 

404.0 

727.1 

417.2 

1 

2IS 

15780 
16090 

21.45 
21.88 

305.1 

218.3 

392.9 

450.6 

811.0 

403.1 

7254 

419-0   . 

216 

311.1 

219.3 

394.8 

449.6 

809.3 

402.1 

723.7 

420.8 

217 

16410 

22.31 

317.3 

220.4 

396.7 

448.7 

5^7-7 

401.2 

722.1 

422.6 

218 

16750 
17060 

22.74 

323.5 

221.4 

398.5 

447.8 

806.1 

400.3 

720.5 

4244 

219 

2^19 

329.8 

222.5 

400.4 

446.9 

804.5 

399-4 

718.9 

4262 

220 

17390 

23.64 

3362 

2235 

402.3 

446.0 

802.9 

398.S 

717-3 

428.0 
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u.. 

Heat  Equivalent 
of  External  Work. 

Specific  Volume. 

Density. 

9     SA     At 

eqI 

Entropy 

of  the 

Liquid. 

Entropy 
of  Evapo- 
ration. 

^  S  S 

111 

1 

Calories. 

B.T.U. 

Cubic 
Meters  per 

Cubic 
Feet  per 

Kilocrains 
per  Cubic 

Pounds 
per  Cubic 

1 

eS   u 

Kilogram. 

Pound. 

Meter. 

Foot. 

1 

t. 

Apu. 

Apu. 

B. 

r 
T* 

8. 

8. 

1 

1 

• 

t. 

1 

170 
171 

45-9 
46.0 

82.6 

0.4880 

•4903 
.4926 

1. 1029 
1.0987 

0.2423 
.2368 

3.883 

3^794 

4.127 
4.223 

11 

338.0 
339.8 

1 

172 

46.0 

82.8 

1.0944 

.2314 

3.709 

4.322 

.2696 

341.6 

1 

173 

46.1 

82.9 

4949 

I.OQOI 
X.0859 

.2262 

3.626 

4.421 

.2758 

3434 

174 

-  46.1 

83.0 

4972 

.2212 

3.545 

4.521 

.2821 

345-2 

'75 

46.2 

83.1 

4995 
.5018 

I.0817 

.2164 

3^467 

4.621 

.2884 

347-9 

1     '7^ 

46.2 

83.2 

I -077  5 

.2117 

3-391 

4.724 

.2949 

348.8 

'7Z 
178 

46.3 

83.3 

.5041 

10733 

.2072 

3.318 

4.826 

.3014 

350.6 

46.3 

834 

.5064 

1.0091 

.2027 

3.247 

4.933 

.3080 

3524 

179 

464 

835 

.5087 

1.0649 

•1983 

3-177 

5.04 

.3148 

354.2 

180 

464 

83.6 

.5110 

1.0608 

.1041 
.1899 

3-109 

5.15 

.3217 

356.0 

181 

46.5 

IH 

•5«33 
.5156 

1.0567 

3.041 

5-27 

.3288 

357.8 

182 

46.5 
46.0 

83.8 

1.0525 

.1857 

2.974 

5.38 

.3362 

359-6 

'!3 

83.8 

.5178 

1.0484 

.1817 

2.91 1 

5.50 
5.62 

-3435 

361.4 

184 

46.6 

83.9 

.5201 

1.0443 

.1778 

2.849 

.3510 

363-2 

111 

46.7 

84.0 
84.1 

.5224 
.5246 

1.0403 
1.0362 

.1740 
.1702 

2.787 
2.727 

m 

6.00 

:3|g 

l^l 

^ll 

84.2 

.5269 

1.0321 

.1666 

2.669 

•3746 

368.6 

188 

46.8 

84.3 

.5291 

1.0280 

.1632 

2.614 

6.13 
6.26 

.3826 

3704 

189 

46.9 

84.3 

•5314 

X.0240 

.1598 

2.560 

.3906 

372.2 

190 

46.9 

84.4 

.5336 

1.0200 

.1565 

2.507 

5-39 

•3989 

3740 

191 

47.0 

84.5 
84.D 

.5358 

1.0160 

•1533 

2.456 

6.52 
6.66 

.4072 

375.8 

192 

47.0 

.5381 

1.0120 

.1501 

2.405 

.4158 

377.6 

193 

47.0 

84.6 

•5403 
.5420 

1.0080 

.1470 

2-355 
2.306 

6.80 

.4246 

379.4 

194 

47.0 

84.7 

1.0040 

.1440 

6.94 

.4336 

381.2 

195 

47.1 

84.8 

.5448 

1. 0000 

.1411 

2.259 

7.09 

.4426 

353*2 

'96 

47.1 

84.9 

.5470 

0.9961 

.1382 

2.214 

7.38 

•  .4516 

384.8 

'97 

47.2 

84.9 

.5492 

•9§" 

•1354 

2.169 

.4610 

386.6 

198 

47.2 

85.0 

•55J4 

.9882 

•1327 

2.126 

7.53 

.4704 

388.4 

J99 

47.3 

85.1 

•5536 

•9843 

.1300 

2.083 

7.69 

.4801 

390.2 

200 

473 

f5' 

.5«8 

.9804 

.1274 

2.041 

7.84 

.4900 

392.0 

201 

47.3 

85.2 

.9765 

.1249 

2.001 

8.00 

.4998 

393-8 

202 

47.3 

85.2 

.5602 

'^lll 

.1225 

1.962 

8.16 

.510 

395-6 

203 

47.4 

85.3 

.5624 

.9688 

.1201 

;:gi 

8.33 

.520 

3974 

204 

47-4 

85.3 

.5646 

.9650 

.1177 

8.50 

.531 

399-2 

205 
206 

47.4 

85.4 

.5668 

.9611 

•"53 

1.847 

8.67 

.541 

401.0 

47.5 

85.4 

.5690 

.9572 

.1130 

1.810 

8.85 

•552 

402.8 

207 

47.5 

85.5 

.5712 

•9534 

.1108 

1.774 

9.03 

.564 

404.6 

208 

47-5 

85.5 

•5733 

.9496 

.1086 

1.739 

9.21 

•575 

406.4 

209 

47.5 

85-5 

•5755 

.9458 

.1065 

1.705 

9.39 

.587 

408.2 

210 

47.5 

f5-5 

•5777 

.9420 

.1044 

^'(>7Z 

9.58 

.598 
.610 

410.0 

211 

47-5 

•5799 

.9382 

.1024 

1.640 

9.77 

411.8 

212 

• 

47.5 

.5820 

.9344 

.1004 

r.6o8 

9.96 

.622 

413.6 

213 

47-5 

M 

.5842 

•9307 

.0984 

1.577 

10.16 

.634 

4154 

214 

47-5 

85.6 

.5863 

.9269 

.0965 

1.546 

10.36 

.647 

417.2 

215 

47-5 

l^i 

•5885 
.5906 

.9232 

.0947 

1.516 

10.56 

.660 

419.0 

216 

47-5 

85.6 

•9^95 

.0928 

1.486 

10.78 

.'68^ 

420.8 

^'l 

47-5 

85.6 

.5927 

•9' 57 

.0910 

1.458 

10.99 

422.6 

218 

47.5 

fs-5 

.5948 

.9120 

.0893 

1.430 

11.20 

.699 

424.4 

219 

47.5 

85.6 

•5969 

.9084 

.0876 

1.403 

1141 

.713 

426.2 

220 

47-5 

85.6 

•5991 

•9047 

.0860 

1-376 

11.62 

.727 

428.0 
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Table  260. 
LATENT   HEAT   OF   FUSION. 


This  table  contains  the  latent  heat  of  fusion  of  a  number  of  solid  substances  in  large  calories  per 
kilogram  or  small  calories  or  therms  per  gram.  It  has  been  compiled  principally  from  Landolt 
and  Bornstein's  tables.  C  indicates  the  composition,  7*  the  temperature  Centigrade,  and  ^tbe 
latent  heat. 


Substance. ' 

C 

T 

H 

Aatbority. 

Alloys:  30.5Pb  +  69.5Sn   . 

PbSn* 

'83 

17. 

Spring. 

36.9Pb  +  63.iSn   . 
537Pb  +  36.3Sn   . 

1 

PbSna 

179 

155 

(t 

PbSn 

177-5 

1 1.6 

(( 

77.8Pb+22.2Sn    . 

1 

PbaSn 

1 76.5 

9-54 

! 

Britannia  metal,  9Sn  -f-  i  Pb 

\ 

- 

236 

28.0* 

Ledebar. 

Rose's  alloy, 

1 

24Pb+27.3Sn  +  487Bi 

- 

98.8 

6.85 

Mazzotto.                        I 

Wood-,aUoy{;S.8Pb+M.7Snj 

- 

75-5 

8.40 

«i 

Aluminum 

Al 

658. 

76.8 

Glaser. 

Ammonia   . 

NHj 

—75- 

108. 

Massol. 

Benzole 

CeHe 

5-4 

30.6 

Mean. 

Bromine 

Br 

—7-3 

16.2 

Regnault 

Bismuth 

Bi 

268 

12.64 

Person. 

Cadmium    . 

Cd 

320,7 

13.66 

t* 

Calcium  chloride 

CaCla  +  6H2O 

28.S 

40.7 

tt 

Copper 

Cu 

1083 

42. 

Mean. 

Iron,  Gray  cast  . 

- 

— 

23- 

Gruner. 

"     White  *•    . 

- 

- 

33. 

4« 

•*     Slag   .        .        . 

- 

- 

50- 

u 

Iodine         .        .        < 

I 

— 

11.71 

Fayre  and  Silbermann. , 

Ice      . 

H,0 

0 

79.63 

(  Dickinson,  Harper, 
]      Osbome.t 

.        •        • 

, 

« 

0 

79-59 

Smith.| 

"    (from  sea-water) 

)      of  solids 

-8.7 

54.0 

Qetterson. 

Lead   . 

Pb 

327 

2.82 

Mean. 

Mercurv 

Hg 

—39 

Person. 

Naphthalene 

CioHs 

79.87 

3562 

Pickering. 

Nickel 

Ni 

M35 

4.64 

Pionchon. 

Palladium   .        •        < 

Pd 

«S45 

36.3 

Violle. 

Phosphorus        •        . 

P 

44.2 

4-97 

Petterson. 

Platinum     .        .        . 

Pt 

1755 

27.2 

Violle. 

Potassium  . 

K 

62 

48.9 

Joannis. 

Potassium  nitrate       « 

KNOa 

333-5 

Person. 

Phenol 

CeHeO 

2537 

24.93 

Petterson. 

Paraffin 

- 

52.40 

35-'o 

BateUi. 

Silver 

Ag 

961 

21.07 

Person. 

Sodium 

Na 

97 

^4.87 

Joannis. 

nitrate    . 

NaNOa 

305-8 

ti 

"       phosphate 

(  NasHPOi  ) 
+  12H0O 

36.1 

66.8 

(1 

Spermaceti 

- 
1 

43-9 

36.9^ 

BatelH. 

Sulphur 

.    1              S 

"5 

9-37 

Person. 

Tin      .        .        . 

.    1             Sn 

232 

14.0 

Mean. 

1  Wax  (bees) 

- 

61.8 

42.3 

•( 

Zinc     . 

\        .     .             Zn 

1 

419 

28.13 

•  11 

•  Total  heat  from  o9  C. 

t  U.  S.  Bureau  of  .Standards,  1913,  in  terms  of  is°  calorie. 

t  1903,  based  on  electrical  measurementB,  assuming  mechanical  equivalent  =  4-187,  and  in  terms  of  the  value  of  the 
international  volt  in  use  after  191 1. 
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CcMnpound. 


Paraffins: 

Methane,  g 

EthanCtg 

Propane,  g 

i-Butane,  g 

n-Hezane,  1 

n-Heptane,  1 

n-Octane,  1 

D^ane,  1 

(Mefines: 

Ethylene,  g 

Propylene,  g 

i-Butylene,  g 

Amyfene,  1 

Hexylene,  1 

Acetylene,  g 

Trimethylene,  g 

Benzol,  I 

Benxol,  g 

Naphthalene,  I 

Toluene,  1 

Chloroform,  v 

Carbon  dkulphide,  1 
Methyl-chlonde,  g  . 
EthyUchloride,  v . . . 


Fonnula. 


CH4 

CtHi 

C»H« 

C4H10 

CtHu 

CtHii 

OHu 

CioHa 

CsH4 

OH* 

CJii 

C»H» 

CsHii 

CiHs 

CiHc 

CftHc 

C«H« 

CioHt 

CrHi 

CHCU 

CSi 

CH»a 

CtHsG 


Kg.  cal. 
mol. 


2x4^ 
371^ 
S2SP 
687^ 
995^ 
1x39^ 

13x5^ 
1626^ 

343^ 
496^ 

(iSip 
&04P 
962^ 
313^ 
503^ 
7S1P 

7SSP 

iiSSp 

937P 

70 

253^ 
x6g^ 

332^ 


Kit-  cal 
perg 


3.3» 
2.4P 
2. op 
i.Sp 
i.6v 
x.4^ 
i.Sv 
i.4» 

7.2P 
x.8v 
1.6^ 

I'SP 
X.40 
2.  op 

1.9P 
o.op 
o.ip 
9.69 

X0.2V 


3.280 
3.26^ 
5.10^ 


Compound. 


Alcohols: 
Methyl,!. 
Ethyl,  1... 
n-propvl,  I , 
n-butyl,  1 . 


Amyl,  1 
Ethers: 

Dimethyl,  g 

Diethyl,  v 

Ethyl-methyl,  v 
Acids: 

Formic,  1 

Acetic,  1 

Propionic,  1 . . . . 

n-butyric,  1 

Lactic,  I 


Cdlulose,  s... 
Dextrine,  s. . . 
Glycerine,  1. . 

Phenol,  1 

Sugar,  cane,  s , 

Starch,  s 

Thymol,  1 

Urea,l 


Formula. 


CH4O 

CtHtfO 

CtHaO 

C«H]aO 

CiHi^ 

CiHtfO 

CJiioO 

OHtO 

CHsOi 

CtH40i 

CaH«Oi 

C«H«Oi 

CtHiOb 

C«Hi0O» 

CuHaoOv 

CaHflOi 

C«H«0 

CisHnOii 

CtHidOs 

CviHi^ 

CO(NHi)t 


Kg.  cal. 

pcrg- 

mol. 


170P 
327P 
^$P 
644P 
78&P 

S06P 

62P 
210P 
36&P 

S^SP 
330P 

680 
414 
397 
735 

'III 

X353 
152 


Kg.  caL 
perg 


S 
7 


31P 
top 
S.oop 
8.68V 
8.96^ 


7.60^ 
8.92^ 
8.43^ 

x-3S7t» 

3-49» 

4.960 

S-9S9 

3.660 

4-1^ 

4.32 
7.8X 

3.9S» 

4.23 

9.02^ 

2.53 


V,  Pt  following  the  heats  of  combustion,  signify  at  constant  volume  and  pressure  respectivdy.  When  re* 
ferred  to  constant  pressure,  the  values  are  0.58  Kg-cal.  greater  (at  about  x8**  C)  for  each  ccmdensed  gaseous 
molecule.  The  values  are  means  from  various  observers.  The  combustion  products  are  gaseous  OOii,  liquid 
water,  etc 


TABLE  S6S.  —  Heat  of  Combustion — MisceUsneous. 


Substance. 


Asphalt 

Butter 

Carbon:  amorphous, 
charcoal.... 

diamond 

graphite 

Copper  (to  CuO) 

Dynamite,  75% 

Egg,  white  ol 

Egg,  yolk  of 

Fats,  animal 

Hemoglobin 

Hydn^en 

Iron  (toFeaOs) 

Magnesium  (to  MgO) 

Oib:  cotton-seed 

lard 

olive 


Small 
calories 

.PCTg 

substance. 


9S30 
1200 


P6 


8x00 
7860 
7900 
S90 
1290 
5700 
8100 
9SOO 
5900 
33900 
X582 
6080 
9SOO 
9300 
9400 


2 
2 
3 
3 
5 
4 


2 
2 


2 

2 


Substance. 


Oils:  petroleum: 

crude 

light 

heavy 

rape 

sperm 

Paraffin  (to  COs,  HsO  1) . 
Paraffin  (to  COi,  H^  g). 

Pitch 

Sulphur,  rhombic. 

Sulphur,  monoclinjc 

Tallow 

Woods:  beech,  X3%  HiO 
biich,  12%  H»0, 
oak.  x3%HiO.. 
pine,  12%  HiO. 


SmaU 

l 

calories 

perg 

substance. 

*8 

0$ 

X1500 

2 

xoooo 

a 

X0200 

2 

9500 

6 

xoooo 

7 

IXX40 

6 

10340 

6 

8400 

- 

2200 

a 

2240 

1 

9SOO 

4x70 

8 

42x0 

8 

3990 

8 

4420 

8 

References:  (x)  Slossen,  Colbum;  (2)  Mean;  (3)  Berthellot;  (4)  Roux.Sarran;  (5)  Thomsen;  (6)  Stoh- 
maim;    (7)  Gibson;    (8)  Gottlieb. 
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Table  Mt. 
HEAT  VALUES  AND  ANALYSES   OF  VARIOUS  TYPES  OF  FUEL. 


(a)  Coals. 


CoaL 


Lowgnule. 

High  grade 

Low  grade 

High  grade 

Low  grade. 

.High  grade 

/Low  grade 

minous  \Highgrade 

Semi-anthxadte 

Anthra-    f  Low  grade. 

dte       1  High  grade 

Oven        f  Low  grade. 

coke     \  High  grade 


Lignite 

Sub-bitu- 
minous 

Bitu- 
minous 

Semi-bitu- 


I 

o 


38.81 
3338 
33.71 

IS  54 
IX. 44 


3 
a. 

3 

3, 
a. 

3 
z, 


42 

7 

36 

07 

76 

33 
03 


Z.14 


IS 
II 


35.48 
2744 
34-78 
33.03 
33-93 
34-36 
14- 5 
14-57 
9.8Z 

3.48 
3.27 
1.58 
0.04 


37.39 
39.62 
36.60 
46.06 

43-92 
58.83 

75-5 
78.20 
78.83 
82.07 
38 


n 


87 

94.66 


8.43 
9.56 

591 

5.37 

X0.7Z 


3 
7 
3 
9- 


39 
3 

97 
30 


13.69 
9. 13 
8.99 

3. 57 


3 

I 

CO 


0.97 
0.94 

0.39 
0.58 

4-94 
0.58 
0.99 


o. 
z. 
o. 
o. 
I. 
o. 


54 
74 
54 
60 
z8 
69 


I 


7. 

6. 

6. 

5 

S 

5 

4 


09 

77 
14 
89 
39 
35 
58 


4.76 
3  63 
3. 
3 


I 


37. 45 
41-31 
52.54 
60.08 
60.06 

7798 
80.65 
84.62 
80.  a8 
79.33 
81.35 


I 


0.50 
0.67 
Z.03 
1.05 

Z.03 
Z.29 
Z.83 

z.oa 

o'.U 
0.79 


I 


45.57 
40.75 
34.09 
27.03 
Z7.88 
XZ.51 


4 
5 
3 


4.6. 


66 
09 
59 


3526 
3994 
5"S 
5865 
6088 
7852 

7845 
8166 
76za 
6987 
7417 
7946 
8006 


6347 

7x80 

9207 

loss  7 

10958 

14134 

14131 

14699 
1370a 

I2S77 
i33Si 
14300 
144x0 


(b)  Peats  and  Wood  (air  dried). 


Peats* 

Fra^iklm  Co.,  N.  Y.. 

Sawyer  Co.,  Wis. . . . 
Woods: 

Oak.div 

Birch,  duy 

Pine,  dry 


Vol. 
hydro- 
carbon. 


67.  zo 
56.54 


Fixed 
carbon. 


28.99 
37.93 


Ash. 


3.91 
15.54 

0.37 
0.39 

0.37 


Sul- 
phur. 


O.Z5 
0.39 


Hydro- 
gen. 


5 

4- 


93 
71 


6.0a 
6.06 
6.20 


Carbon. 


57.17 
51.00 

50.16 
48.88 
SO.  31 


Nitro- 
gen. 


.48 
.92 


0.09 

O.ZO 

0.04. 


Oxygen. 


31.36 
26.54 

43.36 
44.67 
43.08 


Calories 

per 
gram. 


5726 
4867 

4620 

4771 
S085 


B.T.U.'a 
pound. ' 


X0307 
876X 

8316 
8588 
9153 


(c)  Liquid  Fuels. 


FucL 


Petroleum  ether 

Gasoline 

Kerosene 

Fud  oils,  heavy  petroleum  or  refinery  residue 

Akobol,  fud  or  denatured  with  7  to  9  per 

cent  water  and  denaturing  material 


Specific  gravity 
at  X5*^C. 


.684-. 694 
.7x0-. 730 
.790-. 800 
.960-. 970 

.8196--.  830a 


Calories  per  gram. 


xaazo-xa330 
XX100-XX400 

XXO0O-XX30O 

xoaoo-xosoo 
6440-6470 


British  thermal  units 
per  pound. 


3X97&-3X996 
19980-20530 
X98oo-aoi6o 
X8360-X8900 

XX593-X1646 


(d)  Gases. 


Gas. 


Natural  gas,  Cal 

Natural  gas,  Pa. 

Natural  gas,  France 

Coal  gas,  low  grade 

Coal  gas,  high  grade 

Water  gas,  low  grade 

Water  gas,  high  grade . . . 


Ht 


34.80 
57-2 
53.88 
36.4 


CH4 


:ix 


88. 

53 
98. 
38.80 
x8.8 
a.  16 
33.3 


CaHt 


45_^* 
9.50 


'Ilumi- 
lants. 


1.70 
.0.8 

3.47 
14.05 


COi 


II.  10 

0.58 

o.ao 
3.00 

3.03 


CO 


X0.40 

3 -20 
36.8 
19.  I 


Oi 


o.x 
0.40 


X.15 


Nt 


0.90 
0.90 
0.48 
14.30 
x8.o 
4.69 
3.08 


Cal. 
per 
m« 


B.T.U 
per 

cu.ft. 


8339 

937 

12635 

1420 

9364 

X053 

6x51 

657 

3736 

399 

2643 

283 

6x40 

657 

*  CsHi.    Data  from  the  GetJogical  Survey,  Poole's  The  Calorific  Power  of  Fuds,  and  for  natural  gas  from  Sncfling 
(Van  Nostrand's  Chemical  Aimual). 
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EzplosiTe. 

• 

g 

! 

fumber  of  large  calories  developed 
by  I  kilogram  of  the  explosive. 

ressure  developed  in  own  volume 
after   eliminatbn   of  surface  in- 
fluence. 

nit  disruptive  charge  by  ballistic 
pendulum. 

Rate  of  detonation. 
Cartridges  i^  in.  diam. 

uration  of  flame  from  loo  grams 
,       of  explosive. 

s 

& 

8 

*• 

i 

artridge  i^  in.  transmitted  eiplo-    1 
sion  at  a  distance  of                 1 

roducts  of   combustion  from  200 
grams;  gaseous,  solid,  and  liquid, 
respectively. 

Ignition  occurred  in  4%  fire  damp  & 
coal  dust  mixture  with 

1.22 

?4 

(^ 

P 

k 

.358 

1 

12 

a< 

Kg.  per 
sq.  cm. 

i 

e 

0 

Meters  per 
second. 

■ 

n 

e 

0 

• 

(A)  F6rty-per-ccnt  nitro- 

1221.4 

823s 

227* 

4688     ' 

24.63 

88.4 

25 

glycerin  dynamite 

79-7 
'4.5 

(B)  FFF  black  blasting 

1.25 

789.4 

4817 

3741 

4694I 

925- 

54.32 

— 

154.4 

25 

powder 

458* 

126.9 

• 

4.1 1 

(C)  Permissible     explo- 

1.10 

760.5 

5912 

301* 

3008 

.471 

27.79 

4 

103.9 

1000 

sive;  nitroglycerin 

65.1 

class 

15.4 

(D)  Permissible     explo- 

0.97 

992.8 

7300 

279* 

3438§ 

•483 

25.68 

I 

89.8 

800 

sive  ;    ammonium 

* 

27-5 

nitrate  class 

75-5 

(E)  Permissible     explo- 

1.54 

610.6 

6597 

434* 

2479 

•338 

17.49 

3 

86.1 

Over 

sive;  hydrated  cl%.ss 

560 

1000 

■ 

Chemical 

Analyses. 

(A)  Moisture    .... 

.     .     .     0.91 

(D)  Moisture 0.23 

Ammonium  nitrate 83.10 

Nitroglycerin .     .    . 

•           • 

.     .     .  39.68 

Sodium  nitrate   .     . 

•           • 

.     .     .  42.46 

Sulphur 0.46 

Wood  pulp     .    .    . 

•           • 

.     .     .  13.58 

Starch 2.61 

Calcium  carbonate  . 

•           • 

•     •    •    3-37 

Wood  pulp 1.89 

Poisonous  matter 2.C4 

(6)  Moisture     .... 
Sodium  nitrate   .    . 

•  ■ 

•  • 

.    .    .    0.80 
.    .    .  70.57 

Manganese  peroxide 2.64 

Sand • .    .     .     .    6.53 

Charcoal    .... 

•           • 

•     •.   •  17-74 

'     Sulphur     .... 

•           • 

.     .     .  10.89 

(E)  Moisture 2.34 

(C)  Moisture     .... 

•           • 

.     .     .     7.89 

Nitroglycerin 30'85 

Ammonium  nitrate 9.94 

Nitroglycerin .     .     . 

•           • 

.     .     .  24.02 

Sand 1.7  c 

Sodium  nitrate    .     . 

■           ■ 

.     .     .  36.25 

Coal ii.gcl 

Wood  pulp  and  crud 
grains     .... 

e  fibn 

•         • 

;  from 

.    .    .    9.20 

^fc-- Art  Y  •••■•••■•••       7«Oil 

Ammonium  sulphate 8.96 

Starch   .              .    . 
Calcium  carbonate . 

•  • 

•  • 

.     .    .  21.31 
.    .    .    0.97 

Zinc  sulphate  (7 HO) 6.89 

Potassium  sulphate 10.6  ^ 

•  Magnesium    *'    .    . 

•        ■ 

.    .    .    0.36 

»                                     y    J 

*  One  pound  of  clay  tamping  used. 
f  Cartridges  i|  in.  diam. 


X  Rate  of  burning. 


t  Two  pounds  of  clay  tamping  used. 
II  For  300  grammes. 

Compiled  from  U.  S.  Geological  Survey  Results,  —  "  Investigation  of  Explosives  for  use  in  Coal  Mines,  1909." 
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Table  Stt. 
HEAT  VALUES  AND  ANALYSES  OF  VARIOUS  TYPES  OF  FUEL- 


(a)  Coals. 


CoaL 


Low  grade 
Hl^  grade 
Low  grade. 
High  grade 
Low  grade. 
High  grade 
(Low  grade 


Lignite 

Sub-bitu- 
minous 

Bitu- 
minous 

Semi-bitu- 
minous \Higiigrade 

Semi-anthndte 

Anthra- 
cite 

Oven 
coke 


Low  grade. 

High  grade 

Low  grade. 

,  High  grade 


I 

o 


58.81 

33.38 
23.71 

1SS4 
11.44 
3.4a 
a. 7 
3.36 
3.07 
3.76 

3.33 
1.93 
1. 14 


>3 


25-48 

27.44 

34.78 

33.03 

33.93 

34.36 

14.5 

14.57 

Q.81 

3.48 

3.37 

1.58 
0.04 


"Si 

^5 


37.39 
39.62 
36.60 
46.06 

43.92 
58.83 

5 

30 
78.83 
83.07 

38 


n 


87 
94.66 


i 


8.43 
9.56 
.91 
37 


5- 

5. 


10.71 

3.39 
7-3 
3-97 
9.30 
13.69 
0.12 
8.99 
3  57 


3 

t 

(A 


0.97 
0.94 
0.29 
0.58 

4.94 
0.58 
0.99 
0.54 

x-74 
0.54 
0.60 
i.x8 
0.69 


8 

I 

1^ 


7.09 

6.77 
6.14 

S.89 

5.39 

5  25 

4.58 
4.76 

3.62 
2.23 
3.08 


37-45 
41.31 
52.54 
60.08 
60.06 
77.98 
80.65 
84.62 
80.28 

79.33 

81.35 


8 

I 


o 

o. 

I 

I 

1 

I 

I 

I. 

I. 

o 

o. 


50 

67 

03 
05 

02 

29 
82 

02 

& 

79 


8 

M 


45-57 
40.75 
34- 09 
27.03 
17.88 

II. 5< 
4.66 

5.09 

3.59 

4.64 
5.06 


3526 
3994 
5IZ5 

S865 
6088 
7852 

7845 
8166 
7612 
6987 
7417 
7946 
8006 


6347 
7i8g 

9207 
10557 
10958 

14134 
14121 

14699 
X37W 

12577 
13351 
14300 

144" 


(6)  Peats  and  Wood  (air  dried). 


Peats: 

Franklin  Co.,  N.  Y. 

Sawyer  Co.,  Wis. . . 
Woods: 

Oak.div 

Birch,  azy 

Pine,  dry 


VoL 
hydro- 
carbon. 


67.10 
56.54 


Fixed 
carbon. 


28.99 
37.93 


Ash. 


3.91 
15.54 

0.37 
0.29 

0.37 


Sul- 
phur. 


O.X5 
0.29 


Hydro- 
gen. 


5 

4. 


93 
71 


6.02 
6.06 


Carbon. 


57 
51. 


17 
00 


50.16 
48.88 
50.31 


Nitro- 
gen. 


48 
92 


0.09 
o.io 
0.04 


Oxygen. 


31.36 
36.54 

43.36 

44.67 
43.08 


Calories 

per 
gram. 


5726 
4867 

4630 

4771 
5085 


B.T.U.'s 
pound. 


10307 
8761 

8316 

8s8S 

9153 


(c)  Liquid  Fuels. 


Fuel 


Petroleum  ether 

Gasc^e 

Kerosene 

Fuel  oils,  heavy  petroleum  or  refinery  residue 

Ala>hol,  fuel  or  denatured  with  7  to  9  per 

cent  water  and  denaturing  material. . . . 


Specific  gravity 
at  15*^  C. 


.684-. 694 
.710-. 730 
.790-. 800 
.960-. 970 

.8196-. 8202 


Calories  per  gram. 


12310-12220 

I1IOO-II400 

II000-II200 

10200-10500 
6440-6470 


British  thermal  units 
per  pound. 


31978-21996 
19980-20520 
19800-30160 
18360-18900 

1 1592-1 1646 


(d)  Gases. 


Gas. 


Natural  gas,  Cal 

Natural  gas.  Pa. 

Natural  gas,  France. . 
Coal  gas,  low  grade. . 
Coal  gas,  high  grade. . 
Water  gas,  low  grade. 
Water  gas,  high  grade 


Hi 

CH4 

^■^B 

88.0 

— 

53.3 

— 

98.  {I 

34.80 

28. io 

57.2 

18.8 

52.88 

2.16 

36.4 

23.2 

CtHs 


'Tlumi- 
lanta. 


45.8* 

— 

9.50 

1.70 
.0.8 

3.47 
14.05 

COi 


11.10 

0.58 
0.20 
2.00 

302 


CO 


10.40 
3.20 

36.8 
19.1 


Os 


O.I 

0.40 


LIS 


Ns 


0.90 
0.90 
0.43 

14.20 

18.0 

3.0S 


Cal. 
per 
m> 


8339 
1263s 
9364 
61  SI 
3736" 
2642 
6140 


B.T.U 

Ctt.ft. 


037 
1430 
105  J 
6S7 
399 
a83 
657 


*  CiH*.    Data  from  the  Geological  Survey,  Poole's  The  Calorific  Power  of  Fuds,  and  for  natucrsU  gas  from  SadHat 
n  Nostrand's  Chemical  Annual). 


(Van 
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Tables  lM-168. 
TABLE  265.  —  Additional  Data  on  Ezplosiyes. 


Explosive. 
(ReL  Young,  Nature,  xoa,  3x6, 19x8.) 


Gunpowder 

Nitroglycerine ■. 

Nitrocdlulose,  13%  Ni 

Cordite,  Mk.  I.  (NG,  57;  NC,  38;  Vaseline,  s) 
Cordite,  MD  (NG,  30;  NC,  6sr  Vaseline,  s). . . 

Ballistite  (NG,  50;  NC,  50;  SUbilizer,  5) 

Picric  add  (Lyddite) 


Vol.  gas 
perg  in 
cc  -  K 


cc 

280 
74X 
023 
87X 
888 
817. 
877 


Calories 

per 
i'Q 


738 
X652 

93  X 
X242 
103 1 

1349 
810 


Coefficient 
4-  1000 


207 
1224 

8S9 
X082 

9XS 

X102 

710 


Coeffideat 
GF-  I 


I 
6 
4 
5 
4 


53 
3-4 


Calculated 
Tcmprratuxe 


C,sp 


^^e 


0.24 


2240*  C 

6^ 
3876 

5x75 
4*25 
562X 
3375 


Shattering  power  of  explosive  »>  vol.  gas  per  g  X  cals./g  X  VdX  density  where  Vd  is  the  vdodty  of  detonation 
Trinitrotoluene:    Vd  »  7ooom/sec.    Shattering  effect  «  .87  picric  acid. 
Amatol  (Ammonium  nitrate  +  trinitrotoluene,  TNT):    Vd  *  4500  m/sec. 
Ammonal  (Ammonium  nitrate,  TNT,  Al):   1578  cal/g;  682  cc  gas;   Vd  >=  4000  m/sec 
Sabulite  (Ammonium  nitrate,  78,  TNT  8,  Ck  silicide  14):  about  same  as  ammonaL 

TABLE  266.  —  Ignition  Temperatures  Gaseous  Mixtures. 

Ignition  temperature  taken  as  temperature  necessary  for  hot  body  inunersed  in  gas  to  cause  ignition;  slow  com- 
bination may  taxe  place  at  lower  temperatures.  McDavid,  J.  Ch.  Soc.  Trans,  xii,  X003,  r9X7.  Gases  were  mixed 
with  air.    Practically  same  temperatures  as  with  Oi  (Dixon,  Conrad,  loc.  cii.  95,  1909). 


Benzole  and  air X062"  C 

Coal  gas  and  air 878 

CO  and  air 931 


Ether  and  air xo33*  C 

Ethvlene  and  air 1000 

Hydrogen  and  air 747 


TABLE  267.  —  Time  of  Heating  for  Explosive  Decomposition. 


Temperature  *  C. 


Time. 


Black  powder 

Smokuess  powder  A 
Smokeless  powder  B 
Celluloid  Pyroxylin. 
Collodion  cotton ... 

Celluloid* 

Safety  matches 

Parlor  matches 

Cotton  wool 


170 

x8o 

190 

200 

220 

sec. 

tec. 

sec. 

sec. 

sec. 

H 

n 

n 

n 

n 

600 

X9S 

130 

•4S 

23 

190 

130 

^— 

90 

as 

170 

60 

— 

2X 

9 

870 

x6s 

67 

56 

x8 

x6o 

-xoo 

60 

SO 

¥^ 

H 

340 

240 

ISO 

60 

n 

n 

n 

S90 

480 

Ignition  temperature. 


•ct 


•ct 


•{ 


440 
300 

300 

590 

900 


450 


ff ,  failure  to  explode  in  twenty  minutes.  *  The  decomposition  of  nitrocellulose  in  celluloid  commences  at  about 
xoo*  C;  above  that  th^  heat  of  decomposition  may  raise  the  mass  to  the  ignition  point  if  loss  of  heat  is  prevented. 
Above  X70*.  decomposition  occurs  with  explosive  violence  as  with  nitrocellulose.  Rate  of  ccnnbustion  is  s  to  10  times 
that  of  poplar,  pine,  or  paper  of  the  same  size  and  conditions.  * 

t  Measured  by  contact  with  porcelain  tubs  of  given  temperature.    Average. 

i  Measured  by  contact  with  molten  lead.    Average. 

Taken  from  Technologic  Paper  of  Bureau  of  Standards,  No.  98,  191 7. 


TABLE  268.  —  Flame  Temperatures. 

Measures  made  with  optical  pyrometer  by  F6ry,  J.  de  Phys.  (4)  6,  1907. 


^ 


Alcohol,  with  NaCl 

1705* C 

1712 

1812 

1871 

2200 

Hydrogen  flame 

Hvdrosen-oxvKen 

1 

X90O»C 

2420 

2458 

3000 

3S0O 

Bunsen  flame,  no  air 

Bunsen  ^me.  \  air 

Acetylene  burner 

Acetylene-ojwgen 

Cooper-Hewlit  Hg » 

Bunsen  flame,  full  air 

Illuminating  gas-oxygen 

Smithsonian  Tables. 
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The  total  heat  generated  in  a  chemical  reaction  is  independent  of  the  steps  from  initial  to  final 
state.  Heats  of  formation  may  theiefore  be  calculated  from  steps  chemically  impracticable. 
Chemical  symbols  now  represent  the  chemical  energy  in  a  gram-molecule  or  mol(^) ;  treat  re- 
action equations  like  algebraic  equations:  CO-|-  0  =  C02  +  68  Kg-cal ;  subtract  C  +  2  0  =  COj 
H-97  Kg-cal,  then  C -(- 0  =  CO-j-29  Kg-cal.  We  may  substitute  the  negative  values  of  the 
formation  heats  in  an  energy  equation  and  solve  MgCl2 -j- 2  Na==2  NaCl+ Mg+ x  Kg-cal; 
— 151^ — 196+ x»  x  =  45  Kg-cal.  Pleats  of  formation  of  organic  compounds  can  be  found 
from  the  heats  of  combustion  since  burned  to  HjO  and  COj.  When  changes  are  at  constant 
volume,  energy  of  external  work  is  negligible;  also  generally  for  solid  or  liquid  changes  in  vol- 
ume. When  a  gas  forms  a  solid  or  liquid  at  constant  pressure,  or  vice  versa,  it  must  be  allowed 
for.  For  N  mols  of  gas  formed  (disappearing)  at  Tj^*^  the  energy  of  the  substance  is  decreased  (in- 
creased) by  0.002  .  N  •  Tj^  Kg-cal.     H,  -|-  O  =  H2O  -\-  67.5  Kg-cal.  at  i8°C.  at  constant  volume  ; 

i(2  Hj+O,  —  2  H3O  =  135.0 4-  0.002  X  3  X  291  =  1 36.7)  =  68.4  Kg-cal. 

■  The  heat  of  solution  is  the  heat,  +  or  — ,  liberated  by  the  solution  of  i  mol  of  substance  in  so 
much  water  that  the  addition  of  more  water  will  produce  no  additional  heat  effects.  Aq.  signifies 
this  amount  of  water;  HjO,  one  mol. ;  NHj-l-  Aq  =  NH4OH  •  Aq.  +  8  Kg-cal. 

TABLE  209.  (a).   Haati  of  Fomttioii  Imii  ElonoatB  in  Kllognm  Oalortes. 

At  ordinary  temperatures. 


1 

Heat  of 

Heat  of 

Heat  of 

Heat  of 

Compound. 

Forma- 

Compound. 

Forma- 

Compound. 

Forma- 

Compound. 

Forma- 

\ 
1 

tion. 

tion. 

tion. 

tion. 

AljO, 

380. 

HgO 

21.4 

KCl 

105.7 

Li2S04 

334-2 

Ag,0 

6.S 

NajO 

100. 

LiCl 

93.8 

(Nn4)2S04 

287. 

!  BaO 

126. 

NdjOj 

435- 

MgCl2 

1 51.0 

Na2S04 

328.3 

BaO, 

142. 

NiO 

57.9 

MnClj 

I12.3 
97.8 

MgS04 

301.6 

Bi^Oa 

138. 

P2O5  sgs 

370. 

NaCl 

PbS04 

216.2 

CO  am 

29.0 

PbO 

S03 

NdCl, 

250. 

Th2S04 

221.0 

COdi 

26.1 

PbOj 

•62.4 

NH4CI 

76.3 

ZnS04 

229.6 

CO,  am 

97.0 

Pr20, 

412. 

NiClj 

74.5 

CaCO, 

270. 

COjgr 

94.8 

Rb,0 

89.2 

PbClj 

834 

CuCO, 

143- 

,  COj  di 

94-3 

SOj  rh  sgg 

70. 

PdCl2 

40.5 

FeCO, 

179. 

i  CaO 

152. 

SiO, 

19IX) 

PtCU 

60.4 

K2CO, 

280. 

CeO, 

225. 
-10.5 

SnO 

66.9 

SnCl2 

80.8 

MgCO, 

267. 

CI2O  g 

SnO,  cr 

'37.5 

SnCl4 

128. 

NajCO, 

272. 

CoO  am 

50-5 

Sr02 

135- 

SrCl2 

185. 

ZnCO, 

194. 

CoOcr 

57-5 

ThO, 

326. 

ThCU 

300. 

AgNO, 

28.7 

Co,04 

193-4 

TiOj  am 

215.6 

TlCl 

48.6 

Ca(NO,), 

209. 

CrO, 

140. 

TiOa  cr 

218.4 

KbCl 

105.9 

Cu(NO,)26  H2O 

92.9 

CsjO 

9'-3 

TIO, 

42.2 

ZnCl2 

97.3 

H2NO,  gggl 

41.6 

CuaO 

42.3 

WO, 

131- 

HBr  gig 

8.6 

KNO, 

1 19.2 

CuO 

37-2 

WO, 

194. 

NIl4Br 

66. 

Li  NO, 

112. 

1  FeO 

65.7 

ZnO 

85.2 

HI  gsg 

-6.2 

Nn4NO, 

88.3 

,  Fe^O, 

196.^ 

270.8 

AgCl 

29.2 

HFggg 

38. 

NaNO, 

III.O 

!  Fe,04 

Ag,Cl 

29.5 

AgjS 

3-3 

TINO, 

58.2 

1  H2O  ggl 

68.4 

AlCl, 

161.4 

CS2  sgg 

-26.0 

CH4Sgg 

20. 

H2O2  ggl 

46.8 

AuCly 

5.81 

CaS 

90.8 

C2H«  sgg 

25. 

IlgjO 

22.2 

AuCl,  y 

22.8 

(NHJjS 

66.2 

C2H2  sgg 

-.S3. 

|HgO 

21.4 

BaClj 

197- 

CujS 

18.3 

HCNdigsgg 

-30.5 

1K2O 

91. 

BiCl, 

90.6 

CuS 

1 1.6 

NHsggg 

12.0 

Lap, 

447- 

CCI4  am 

21.0 

H2S  gsg 

2.73 

Ca(OH)2 

230. 

Li02 

141.6 

CaCl2 

187. 

KjS 

103.4 

NH.OH 

88,8 

MgO 

143-6 

CdCl2 

93.2 

MgS 

79-4 

NaOH 

102. 

MnO 

90.8 

C0CI2 

76.5 

NajS 

89.3 

Na  •  H2O  •  Aq— H 

44.* 

MnO^ 

123. 

CuCl, 

51-5 

PbS 

19-3 

i(2Na-  0  •  HjO) 

68.* 

1  MnjO* 

325. 

CuCl 

34-1 

CaS04 

262. 

iiNajO  •  H2O  •  Aq) 

30.* 

Mo()2 

143- 

FeCla 

S2.1 

CUSO4 

III. 5 

KOII 

103.5 

M0O3 

174. 

FeCl, 

96.0 

H2SO4  sggg 

193- 

K  •  HjO  •  Aq-H 

45-* 

N2O  ggg 

-18.2 

GICI2 

155- 

-SO,  •  H2O* 

21.3 

i(2  K  .  0  •  H,0) 

69.* 

NO  ggg 

-21.6 

HCl  ggl 

22. 

HgjSO^    - 

175- 

i(K,0  .  H,0  -  Aq) 

35.5* 

NO2 

-  8.1 

HgCl 

31-3 

HgS04 

165. 

NaaO, 

-  2.6 

HgCl2 

53-3 

K2SO4 

344-3 

1 

am  =  amorphous;  di=  diamond;  {^=  graphite;  cr=:  crystal;  grrgas;  1  =  liquid;  8=:  solid;  y  ^  yellow  (gold); 
rh  =  rhombic  (sulphur).  *  Heats  of  formation  not  from  elements  but  as  indicated. 
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Tables  270-272. 


HEATS  OF  FORMATION  OF  IONS  IN  KILOGRAM-CALORIES. 

+  aiid  —  signs  indicate  signs  of  ions  and  the  number  of  these  signs  the  valency.  For  the  ioni- 
lation  of  each  gram-molecule  of  an  element  divide  the  numbers  in  the  table  by  the  valency,  e.  g^ 
9.03  gr.  Al  =  9.03  gr.  A1+  +  40.3  Kg.  cal.  When  a  solution  is  of  such  diliition  that  further  dila- 
tion does  not  increase  its  conductivity,  then  the  heats  of  formation  of  substances  in  sach  solutions 
may  be  found  as  follows  :  FeCl,Aq  =  +  22.2  +  2  X  39.1  =  1004  Kg.  cal.  CuSOfAq  = —  19.8 
+  2  X  39-1  =  198.  Kg.  cal.  . 


Ag  + 

—  25-3 

NH4+ 

+  327 

AsO« 

+  28.2 

10,- 

+  55^ 

A1  +  +  + 

+ 121.0 

NH4O  + 

+  37-5 

Br  — 

l^A- 

+  46^ 

Co  +  + 

+ 170.0 

Na  + 

•f57-3 

BrO,— 

+ 1 1.2 

+  544 

Ca  +  + 

+ 133-? 
+  18.4 

Ni  +  + 

+  16.0 

CO, 

+  160.8 

PO, 

.  +  298^ 

Cd  +  -. 
Cu  +  -- 

Mg+  + 

+  108.8 

CI  — 

+  39.1 

s,o, 

+  138.6 

— 16.0 

Mn  +  + 

+  50.2 

CIO  — 

+  26.0 

s,o. 

+  278.2 

Cu-- 

-15.8? 

Pb+  + 

+  4.0 

C10|  — 

+  23.4 

S40. — 

+  2608 

Fe  +  -- 
Fe  +  -.+ 

+  22.2 

Rb  + 

+  625.0 

CIO,— 

-387 

so, 

+  151.0 

—  9-3 

Sn  +  +  + 

+ 1 19.6 

HCO,— 

+ 163.0 

so, 

+  214.0 

H  + 

ao 

•Sr  +  + 

HPOa  — 

+ 1439 

Se 

-35.6 

Hg  + 

—  19.8 

T1  + 

+  17 

HPO, 

+  229.6 

SeO, 

+  119L6 

K  + 

+  61.8 
+  62.8 

Zn+  + 

+  35-0 

HPO. 

^^i 

Se04 

+  144^ 

Li  + 

HS  — 

Te      — 

-34^ 

NO,— 

- 

-  27.0 

TeO, 

+  77-0 

NO,— 

H 

h48.9 

TeO, 

+  98-1 

I  — 

H 

■  13.1 

S 

— 12.6 

TABLE   871.— Eeati  of  Veatrallsatlon  ill  Kilogram-OalorlM* 

The  heat  generated  by  the  neutralization  of  an  acid  by  a  base  is  equal,  for  each  gram-molecole 
of  water  formed,  to  13.7  Kg.  cal.  plus  the  heat  produced  by  the  amount  of  un-ionized  saJt  formed. 
~»lus  the  sum  of  the  heats  produced  in  the  completion  of  the  ionizations  of  the  acid  and  the  base. 
See  also  p.  209). 


I 


Base. 

HCI.aq 

HNOs^ui 

H,S04.aq 

HCN-aq 

CHsCOOH.aq 

HrCO,aq 

KOH  .  aq 

137 

13.8 

157 

2.9 

»3-3 

laf 

NaOH  •  aq 

137 

137 

157 

2.9 

»3-3 

10.2 

NH4OH  •  aq 

12.4 

12.5 

14.5 
15.6 

1-3 

12.0 

8. 

1   Ca(OH)2  .  aq 

14.0 

13-9 

3*^ 

8.1 

'n 

9-5 

Zn(OH)j  .  aq 
|Cu(0H)3  ^aq 

L r-^7 J 

9-9 

9-9 

1 1.7 

5-5 

7-5 

7-5 

9.2 

"" 

6.2 

TABLS  878.— Seat  of  Dilation,  H,BO«. 

In  Kilogram-calories  by  the  dilution  of  one  gram-molecule  of  sulphuric  acid  by  m  gram-mole- 
cules of  water. 


m 


Kg.  Cal. .    . 


6.38 


2 
942 


3 
II. 14 


5 
13.11 


19 
16.26 


49 
16.6S 


99 
16.86 


199 
17.06 


399 
17.31 
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Tables  273-276. 

RADIATION  CONSTANTS. 

TABLE  878.— OUdiatlon  Fonnula  and  Oonttanti  for  Ferfeot  Badiator. 
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The  radiation  per  sq.  cm.  from  a  "black  body  "  (exclusive  of  convection  losses)  at  the  tem- 
I^erature  r*'  (absolute,  C)  to  one  at  /°  is  equal  to 

/=  ,r  ( r*  —  /<)     (Stefan-Boltzmann) ; 
where  ^=  1.374  X  10—"  gram-calories  per  second  per  sq.  centimeter. 
=8.26  X 10-"    **  "        "    minute  "     ** 

=  5.75   X  10""**  watts  per  sq.  centimeter. 

The  distribution  of  this  energy  in  the  spectrum  is  represented  by  Planck*8  formula : 

where /x  is  the  intensity  of  the  energy  at  the  wave-length  K  (K  expressed  in  microns,  n)  and  e  i» 
the  base  of  the  Napierian  logarithms. 

C,=9.226  X  10"  for  /  in  ^'''"^- ""[■  =3^6  X  10'  for  /  in  ^-"-^ 

sec.  cm.  cm,- 

Ca=  14350  for  X  in  /* 

/-«=3.li  X  10-  r  for  /in  ^^^^'^^1' =1.30X10-"  r  tor  /  in  "^^"^ 

see.  cm.' 

Xnu  7=2910  for  Xm  /i 

h=i  Planck's  unit = elementary  "Wirkungs  quantum  **=  6.83  X  10""  ergs.  sec. 

k= constant  of  entropy  equation  =  142  X  lo"**  ergs./diegrees. 

TABLB  274.— Hidlatim  tn  afa»>OalorlM  per  24  Hbvn  par  iq.  pm.  from  a  Ptrlaot  Eadlator  at  e''  0  to 

■a  ataSlvtSiy  (Mid  Spaot  (— 273o  0). 

Computed  Irom  the  Stefan-BoltsmanD  formula. 


cm.' 


f>C 

/ 

fiC 

/ 

1 

fiC 

/ 

57^ 

/oc 

/ 

787 
808 

831 

fiC 

/ 

fiC 

/ 

—273 

0 

— 120 

$5 

— 10 

+12 

„ 

h34 

low 
1087 

III5 

1    fsf 

1400 

— 220 

— 210 

I 
2 

—no 
—100 

84 
107 

—6 

t\t 

" 

h38 

K 

1430 
1470 
1650 

— 200 

3 

:X 

134 

—4 

62s 

+  18 

555 

- 

h40 

"45 

+70 

-X 

5 

165 

— 2 

643 

+20 

879 

- 

h42 

1 174 

+80 

1850 

9 

—70 

201 

0 

662 

+22 

^3 

- 

-44 

1204 

+90 

2070 

—170 

13 

—60 

245 

t^ 

682 

+24 

928 

- 

h46 

1234 
1265 

1298 

+100 

2310 

— i6o 

19 

—50 

294 

t^ 

701 

+26 

953 

- 

h48 

+200 

5960 

—150 

^ 

—40 

350 

■>-S 

722 

--28 

979 

- 

-SO 

+1000 

3I3XIO* 
318X10* 

— 140 

—30 

416 

-|-« 

744 
765 

+30 

1005 

- 

-52 

1330 
1363 

-|-2000 

+5oa> 

—130 

50 

—20 

488 

+10 

+32 

1032 



h54 

921X10* 

TABLB  27ft.  —  ValVM  cfJ^  lor  Vazlou  Tompeimtuos  Oontltrado. 
Ekholm,  Met.  Z.  igoa,  used  Ci:=8346  and  Ct=  14349,  and  for  the  unit  of  time  the  day. 
For  xooP,  the  values  for  JK  have  been  multiplied  by  10,  for  the  other  temperatures  by  xoo. 


K 

T^iofPC 

30PC 
0 

X5<>C 

0 

oPC 
0 

-yfiC 

-80PC 

•8 

lOffiC 

3<fiC 

15®  C 

oPC 

2175 

-30PC 

-«oOC 

2 

I 

0 

0 

5" 

2961 

2557 

1491 

623 

3 

80 

41 

18 

A 

I 

0 

19 

443  '  2626  1  2281 

1954 

1363 

594 

4 

469 

S08 

272 

27 

I 

20 

386 

2329  1  2034 

1754 

1242 

561 

1 

1047 

1777 

loSc 

628 

172 

8 

21 

337 

2068  1816 

1574 

1 129 

527 

'5?f 

3464 

2206 

1454 

493 

39 

22 

295 

1840  1622 

I413 

1026 

494 

I 

1768 

4954 

3451 

2353 

931 

105 

23 

lU 

1639  j  1448  1  1270 

t^ 

460 

1810 

5928 

4352 

1372 

203 

24 

1462  i  1298 

1 141 

428 

9 

1724 

4834 

3646 

^739 

318 

11 

202 

1307 

1 165 

1028 

l^ 

398 

10 

1573 
1398 

6386 

4979 

3781 

1971 

426 

179 

II70 

1047 

926 

698 

369 

II 

6127 

4833 

3798 

2098 

520 

28 

142 

947 

850 

257 

5Z9 

317 

12 

1225 

5712 

4633 

3676 

2114 

592 
640 

30 

114 

771 

606 

623 

482 

272 

13 

1063 
910 

5222 

4300 

3467 

2090 

40 

44 

3" 

28s 

259 

209 

% 

14 

4713 

3930 

3215 

2004 

666 

S 

20 

146 

135 

'?i 

102 

\i 

^' 

4220 

3556 

2944 

1889 

^7J 

10 

77 

72 

66 

55 

38 

3759 

^If 

2674 

1760 

663 

80 

4 

27 

25 

24 

20 

14 

" 

590 

3340 

2862 

2417  1626 

649 

100     2 

1 

12    II 

1 

10 

9 

1 

7 
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Table  S7«. 
BLACK-BODY   SPECTRUM    INTENSITIES  (/x). 


Values  of  7a  using  for  Ci.  9.23  X  io«,  Ct,  14350.,  X  in  fi.  If  the  figures  given  for  J\  are  pbtted  in  cms  as  otifi. 
nates  to  a  scale  of  abscissae  of  x  cm  to  x  m«  then  the  area  in  cm*  between  the  smooth  curve  through  the  resulting  poiat! 
and  the  axb  of  absciraae  is  equivalent  to  the  radiation  In  calories  per  sec.  from  x  cm*  of  a  black  body  at  the  cofrespand 
ing  temperature,  radiating  to  absolute  zero.  The  intensities  when  radiating  to  a  body  at  a  lower  tonperature  may  be 
obtained  by  subtracting  the  intensities  corresponding  to  the  lower  temperature  from  those  of  the  higher.  The  naiore 
of  the  black-body  formula  is  such  that  when  Xr  b  small,  a  small  change  in  Ct  produces  a  great  change  in  /a;  e^^ 
when  Cs/Xr  is  xoo  or  xo,  the  change  is  100  and  10  fold  respectively;  as  \T  increases,  the  change  becomes  proportioDal; 
e.g.,  when  Ci/  Xr  is  less  than  0.05,  the  change  in  7 a  is  proportional  to  the  change  in  Ct. 


X 

So'K. 

loo-K. 

xso-  K. 

200"K. 

2SO*  K. 

273'  K. 

300*  K. 

373*  K. 

400"  K. 

Soo-K. 

6oo*K 

1 
1 

x.o 

• 

.osa3 

.0*73 

.0976 

.o»x 

.oisx 

.oi«T 

.0112 

■  01124 

.OI3X 

.0*58 

i-S 

— 

.oaa3 

.OI42 

.0172 

OU3 

.0127 

.0102 

.ot8 

.0749 

.0158 

.o»X4$ 

3.0 

.owl 

.Ott2 

.0115 

.01*7 

.o»x 

.o»xx 

.07x2 

.06x3 

.0146 

.oix68 

.00184 

as 

.0«7X 

.o«i 

.0142 

.0103 

.07I0 

.077 

.0*46 

.04x9 

.0450 

•  0897 

.0066 

30 

.o«9 

.oi»6 

.OU5 

.OS3 

.o«i8 

.o«9 

.o»4S 

.0tX02 

.09242 

.00265 

.0x31 

35 

.0M4 

.oi«3 

.0102 

.073 

.01x3 

.OiS 

.0420 

.0129 

.0*620 

.00482 

.0x89 

4.0 

.om6 

.0142 

■o»4 

.oeX4 

.otsa 

.04x8 

.0457 

.o«6o 

.001x5 

.00690 

.0229 

1  ° 

.OM3 

.OllX 

.0714 

.o»x7 

.0430 

.048 

.Ol2X 

.00x34 

.00226 

.00952 

-0249 

6.0 

.01019 

.o»5 

.o«X4 

.o»8 

.048 

.01x8 

.oa4X 

.00195 

.0030X 

.0x001 

.0224 

Vo 

.Oia83 

.016 

.Ofl6 

.04x9 

.o«x5 

.ot30 

•o»59 

.00225 

.00328 

■  00)25 

.0186 

.ou7a 

.oas 

.Oii8 

.0436 

.0«22 

■  Oa39 

.OJ7X 

.00232 

.0032X 

.ooiox 

.0149 

9.0 

.0142  2 

.07x8 

.0138 

.0454 

.0*27 

•Oa45 

.0177 

.00320 

.00295 

.00672 

.01x8 

10. 0 

.01131 

.OTS4 

.oa65 

.0471 

.oa30 

.0*48 

.0*78 

.0020X 

.00262 

.00554 

.00929 

la.o 

.01115 

.0024 

.04x3 

•  0494 

.oa3x 

•oa47 

.0370 

.00X57 

.00x96 

.00374 

.00585 

14. 0 

.OU)3X 

.o^x 

.04x8 

.  04IO2 

.OS29 

.0141 

.OS58 

.001x7 

.00144 

.00254 
.00176 

.00380 

x6.o 

.09x4 

.OtIX 

.0422 

.04X00 

.OS25 

.013A 
.0128 

.0^6 

.0*87 

.00x05 

.00254 

x8.o 

•  o»57 

.OftX7 

.0424 

.049? 

.Os3X 

.01368 

.01653 

.0*760 

.00x24 

.00x76 

30. 0 

.08X6 

.otaa 

.0424 

.0482 

.o»X7 

.01224 

.0»290 

.o»493 

.o»S7S 

.0*903 

.00x25 

25.0 

•  o«97 

.0S30 

.0421 

.0457 

.OtX22 

.otx3X 

.o»x64 

.01258 

.01295 

.0*439 

.0*589 

30.0 

.0726 

.0«33 

.04x6 

.0438 

.0466 

.0479 

.0497 

.OSX46 

.03x64 

.0*237 

.0*311 

40.0 

.0769 

.OS26 

.049 

.04x8 

.  04282 

•  0433 

.04391 

•  04558 

.04620 

.04858 

.QlXIO 

50.0 

•  or)5 
.0787 

.Oii8 

.otsx 

.0192 

.O4I50 

.04x58 

.04x84 

.04255 

.04281 

.0438X 

.04482 

7SO 

.O667 

.ojxs 

•®'2i 

.01338 

.O6383 

.05436 

.0*580 

.0*634 

.0*834 

.0*103 

100. 0 

•  075S 

.0029 

.o«57 

.o«88 

.OSIX9 

.o»X34 

.01x50 

.OiX97 

.062X4 

.0*377 

.0*343 

• 

X 

8oo» 

xooo* 

'r 

3000 

3000* 

4000** 

Sooo* 

0000 

8000* 

loooo' 

20000* 

K. 

K. 

K. 

K. 

K. 

K. 

K. 

K. 

K. 

K. 

M 
o.x 

■■i-M 

__ 

^_ 

o.oit6 

0.01115 

0.0024 

O.OS3X 

0.038 

15. 

540. 

7x0000. 

0.3 

— 

— 

_. 

o.o*7 

0.00x2 

0.46 

263. 

X84. 

3660. 
9640. 

22x00. 

820000. 

0.3 

■KM 

^~ 

^^^ 

o.o*x5 

0.44 

24.2 

X3X0. 

3x000. 

3820000. 

0.4 



— 

— 

0.0145 

5-75 

"5- 

690. 

2280. 

10300. 

25600. 

180000. 

0.5 



•       ._ 

— 

0.X73 

20.6 

226. 

952. 

2490. 

8400. 

17800. 

92300. 

0.6 

— 

.0*48 
.0468 

0.0x4 

0.7S7 

40.8 

30X. 

xooo. 

2240. 

6390. 

1x950. 

5x460. 

°2 

.0*40 

0.064 

1.93 

59-2 

328. 

925. 

x86o. 

4S90. 

8xxo. 

30700. 

0.8 

.o*5x 

.O0OA5 
.00x83 

0.180 

3-S8 

71.5 

321. 

800. 

1490. 

3350. 

5620. 

X9400. 

0.9 

.0434 

0.378 

5-35 

77.3 

295. 

67X. 

1x77. 

-2470. 

3980. 

xa820. 

x.o 

.00015 

.00538 

0.64s 

7.06 

77-8 

262. 

554. 

928. 

X842. 

2880. 

8800. 

x-5 

.0775 

.0848 

2.07 

10.25 

53.2 

X22. 

2x0. 

309. 

S»7. 

758. 

X980. 

3.0 

.0367 

.22X 

2.43 

^•12 

39.0 

57.6 

90.2 

58.9 

X98. 

275. 

668. 

2.5 

■  0719 

.305 

2.X0 

sS» 

X6.4 
9.66 

29.5 

43.9 

90.x 

121. 9 

284. 

30 

0964 

.320 

X.64 

3.82 

X6.4 

23.7 

3X.I 

46.4 

6X.9 

140.7 

3.5 

.X050 

.296 

X.22 

2.60 

6.02 

9.84 

13-8 

17. 9 

26.3 

34-7 

77-3 

4.0 

.X027 

.256 

0.907 

X.80 

3.90 

6.20 

8.59 

XX. 0 

'114 

20.0 
8.89 

45.9             < 

S-o 

.0839 

.178 

0.5XX 

0.923 

X.84 

2.8X 

3.8X 

4.8X 

X9.X5 

6.0 

.0629 

.XI9 

0.302 

0.5x4 

0.973 

1-45 

1. 935 

2.42 

3.40 

4-39 

9.34 

1:1 

.0459 

.081X 

0.X88 

0.307 

0.560 

0.820 

X.X65 

^•|48 

X.88 

2.41 

5.09 

.0335 

.0562 

O.X22 

O.X94 

O.X28 

0.344 

0.498 

0.653 

0.808 

1. 30 

X.43 

3.00 

9.0 

.0247 

.0398 

0.0824 

0.223 

0.3x9 

0.4x6 

0.5x3 

0.709 

0.90 

X.87 

xo.o 

.0x84 

.0288 

0.057S 

0.0880 

O.X5X 

0.2X4 

0.278 

0.342 
o.x68 

0.470 

0.598 

X.24 

12. 0 

.0x072 

.0x60 

0.0304 

0.0553 

0.0757 

0.X07 

0.1373 

0.330 

0.39a 

0.603 

X4.O 

.00660 

.0096 

0.0175 

0.0256 

0.042X 

0.0587 

0.0754 

0.0921 

O.X25 

O.XS9 

0.326 

x6.o 

.00425 

.00606 

0.0108 

0.0x55 

0.0253 

0.0350 

0.0448 

0.0546 

0.0742 

0.0938 

0.193 

x8.o 

.0028^ 
.00x98 

.00400 

0.00697 

0.00997 

0.0x60 

0.022X 

0.0382 

0.0344 

0.0466 

0.0585 

o.x:o 

20.0 

.00275 

0.00470 

0.00668 

0.0x068 

0.0X47 

0.0x868 

0.0327 

0.0307 

0.0388 

0.0789 

25.0 

.00090 

.00122 

0.00203 

0.00284 

0.00448 

0.006x2 

0.00777 

0.0094X 

0.0x27 

0.0x60 

0.0325 

30.0 

.0*464 

.0*6x9 

o.ooxox 

0.00x41 

0.00220 

0.00299 
0.0*900 

0.00378 

0.0045s 

0.006x6 

0.00775 

0.0157 

40.0 

.01159 

■®»*?2 

O.OJ334 

O.OS459 

0.037x0 

O.OOX3X 

0.00146 

0.00x97 

0.03247 

0.00453 

50.0 

.04684 

.04888 

0.09x40 

0.03x91 

0.0*294 

o.o»397 

0.03500 

0.03603 

0.0*808 

O.OOIOI 

0.00204 

7SO 

.04x44 

.04184 

0.04286 

0.04387 

0.0459X 

0.04794 

0.04997 

0.03x20 

o.o>i6x 

0.0320I 

0.03476 

xoo.o 

.0*470 

.0*598 

0.0*919 

0.04x24 

0.04x88 

0.04352 

0.043x7 

0.0438X 

0.04510 

0.04639 

o.oixaS 
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Tables  tTT-tT8. 

RADIATION    EMISSIVITIES. 

TABLE  277.  —  Relatiye  Emissive  Powers  for  Total  Radiation. 

Elmissive  power  of  black  body  «  x.    Receiving  surface  platinum  black  at  as**  C;   oxidized  surfaces  oxidized  at 
600  +  *  C.    Randolph  and  Overholzer,  Phys.  Review,  a,  p.  144,  1913: 


Silver 

Platinum  (i) 

Oxidized  zinc 

Oxidized  aluminum 

Calorized  copper,  oxidized 

Cast  iron 

Oxidized  nickel 

Oxidized  monel 

Calorized  sted,  oxidized. . . 

Oxidized  copper 

Oxidized  brass 

Oxidized  lead 

Oxidiased  cast  iron , 

Oxidized  sted , 

Blad^body 


Temperature,  Deg.  C. 


aoo 

400 

600 

o.oao 

0.030 

0.038 

0.060 

0.086 

O.IXO 

— 

O.XIO 

* 

0.  T-X3 

O.X53 

0.192 

o.xSo 

■    018s 

0.X90 

0.2x0 

— 

— 

0.369 

0.424 

0.478 

0.4IX 

0.439 

0.463 

0.52X 

l:^ 

0.570 

0.56S 

0.568 

0.610 

0.600 

0.589 

0.631 

— 

0.643 

0.710 

0.777 
0.787 

0.790 

0.788 

x.oo 

x.oo 

x.oo 

Remaik:  For  radiation  properties  of  bodies  at  temperatures  so  low  that  the  radiations  of  wave-length  greater  than 
ao  fi  or  thereabouts  are  important,  doubt  must  exist  because  of  the  possible  and  perhaps  probable  lack  of  blackness  of 
the  recdving  body  to  radiations  of  those  wave-lengths  or  greater.  For  instance,  see  Table  379  for  the  transparency 
of  soot. 


TABLE  278.  —  Emissivities  of  Metals  and  Oxides. 

Emissivities  for  radiation  of  wave-length  0.55  and  0.65  fi.  Burgess  and  Waltenberg,  BuL  Bureau  of  Standards, 
IX,  59X,  X914. 

in  the  solid  state  practically  all  the  metals  examined  appear  to  have  a  negligible  or  very  small  temperature  coeffi- 
cient of  emission  for  X  as  0.55  and  0.65  fi  within  the  temperature  range  20*  C  to  melting  point.  Nickd  oxide  has  a 
wdi-defined  negative  cocffident.  at  least  to  the  mdting  point.  There  is  a  discontinuity  in  emissivity,  for  X  «  0.65  fi 
at  the  mdting  point  for  some  but  not  aU  the  metals  and^  oxides.    This  effect  is  most  marked  for  gold,  copper,  and 

for  radiation  a  property 


luid  state  may  persist  for  a  time 
constant  standard.    Article  con- 


tains bibliography. 


Metals. 

Cu 

Ag 

Au 

Pd 

Pt 

Ir 

Rh 

Ni 

Co 

Fe 

Mn 

Ti 

•   ex,o.55M»olid:... 
0.55  Muquid.. 

0.65  M solid... 
liquid... 

0.38 
0.36 

0.10 
o.iS 

0.3s 
0.3S 

0.04 
0.07 

0.38 
0.38 

0.14 
o.aa 

0.38 

0.33 
0.37 

0.38 

0.33 

0.38 

0.30 

0.29 

o.a9 
0.30 

0.44 
0.46 

0.36 
0.37 

0.36 
0.37 

0.37 
0.37 

O.S9 
O.S9 

0.7S 
0.7S 

0.63 
0.65 

Metals 

Zr 

Th 

Y 

Er 

Be 

Cb 

V 

Cr 

Mo 

W 

U 

a 

ex, 0. 55  M solid.... 
liquid... 

0.65 /A solid... 
liquid — 

0.3a 
0.30 

0.36 

0.36 
0.40 

0.35 
0.35 

0,30 

o.SS 
0.38 

0.61 
0.81 

o.6x 
0.61 

0.61 

0.49 
0.40 

0.29 

0.3s 
0.32 

0.53 

0.39 
0.39 

0.43 
0.40 

0.39 

0.77 

O.S4 
0.34 

Oxides:  0.65  /a 

Nib 

CoiO* 

Fei04 

Mna04 

TiOi 

ThOi 

YfO» 

BeO 

CbO, 

ViOi 

Cr*Oj 

• 

UiC. 

eX, solid. 

0.89 
0.68 

0.77 
0.63 

0.63 
O.S3 

0.47 

0.52 

0.51 

0.57 
0.69 

0.61 

0.37 

0.71 

0.69 

0.60 

0.30 
0.31 

liquid 
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Tables  179-181. 

RADIATION   EMISSIVITIES. 

TABLE  279.  —  Rektiye  EmiBsiyities  of  Metals  and  Oxides. 

Emiasiyity  of  black  body  taken  as  xoo. 


True  temperature  C. 


60  FeO.40  FeiOs  Total 

-  Fe  heated 

in  air X  —  0.65  /x 


NiO 


Total 

,  X  =  o.Os  fi 


Soo" 


8S 


600' 


8S 


54 


700" 


86 


6a 
98 


800' 


87 
98 


68 
96 


goo- 


87 
97 


72 
94 


1000 


88 
95 


75 
92 


xioo 


88 
93 


8x 
88 


1200' 


89 
92 


86 
87 


Rci. 


z 
z 


3 
3 


Platinum: 
True  temp.  C- . . 
App  *  temp.  C. . 
Total  emiss.  Ft.. 


0 
3.x 

zoo 
4.0 

200 
S-x 

300 
6.1 

400 

7.0 

500 
8.0 

750 
X0.3 

zooo 

486 

12. 4 


1200 

630 

14.0 


Z400 
780 

15. 5 


x6oo 

930 

X6.9 


1700 
1005 
X7.S 


3 

3 
3 


Tun«!5ten: 
True  temp.  K  (abs.) . 

X  ■■  0.467 

X  —  0.66s 


300 

600 

1000 

Z400 

z8oo 

s;« 

50.8 

49-8 

48.9 

47.9 

48.2 

47.2 

46.3 

45-3 

44.3 

2200 

47.0 

43-3 


2600 

3000 

3400 

3800 

46.0 

45. 0 

44.x 

— 

42.4 

41.4 

40.4 

39  5 

4 
4 
4 


*  As  observed  with  total  radiation  pyrometer  sighted  on  the  platinum. 

Rderences:  (x)  Burgess  and  Foote,  Bui.  Bureau  of  Standards,  xa,  83,  zgxs;  (2)  Burgess  and  Foote,  loc.  cH, 
xz,  4X,  X9X4;  (3)  Foote,  loc.  cil.  ix,  607,  X914;   (4)  Worthing,  Phys.  Rev.  xo,  377,  19x7. 


TABLE  280.  —  Temperature  Scale  for  TitngsteiL 

Hyde,  Cady,  Forsythe,  J.  Franklin  Inst.  x8x,  418, 19x6.    See  also  Ph^  Rev.  xo,  395,  X917.   The  ookw  tempenature 
temperature  of  bluk  body  at  which  its  color  matches  the  given  radiation. 


Lumens/watt 

Color 
temperature. 

Bku±-body 
temperature. 

True 
temperature. 

Thie 
temperature. 

True- 
color. 

True-- 
biightneai^ 

X 

1763'  K. 

1627" K. 

1729*  K. 

X700* 

X3* 

xoo* 

2 

1917 

X7S3 

1875 

x8oo 

30 

Vd 

3 

2035 

1840 

1976 

1900 

36 

4 

3x09 

1909 

3056 

2000 

H 

**2 

5 

2x79 

1967 

3135 

2x00 

36 

1S8 

6 

2237 

20x7 

3x84 

3300 

39 

175 

7 

2290 

2063 

2238 

2300 

4X 

191 

8 

2338 

2x02 

3286 

2400 

43 

308 

9 

2383 

2x40 

3332 

xo 

2425 

2x74 

2373 

■ 

TABLE  iSl,  —  Color  minuB  Brifhtness  Temperatures  for  Carbon* 

Hyde,  Cady,  Forsythe,  Phjrs.  Rev.  10,  395,  X9X7. 


Brightness  temp.  **  K. 
Color  —  brightness 


x6oo' 
2 


X700'' 
7 


i8oo* 

Z2 


1900 

x6 


2000 
22 


2x00 
28 


2200 

33 
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COOLING  BY  RADIATION  AND  CONVECTION. 


TABLE  88a.  —At  Ordinary  Pr»MiirM. 

According  to  McFarlane*  the  rate  of  loss  of  heat  by  a  sphere 
placed  in  the  centre  of  a  spherical  enclosure  which  has  a 
blackened  surface,  and  is  kept  at  a  constant  temperature  of 
about  14®  C,  can  be  expressed  by  the  equations 

t  =  .000238  +  3.06  X  10— «l  —  a.6  X  lor-*/*, 

when  the  surface  of  the  sphere  is  blackened,  or 

t  =  .000168  -f-  J.98  X  ior-«/  —  1.7  X  io-J/«, 

when  the  surface  is  that  of  polished  copper.  In  these  equa- 
tions, t  is  the  amount  of  heat  lost  in  c.  g.  s.  units,  that  is, 
the  quantity  of  heat,  small  calories,  radiated  per  second  per 
square  centimeter  of  surface  of  the  sphere,  per  degree  differ- 
ence of  temperature  /,  and  /  is  the  difference  of  temperature 
between  the  sphere  and  the  enclosure.  The  medium  throug:h 
which  the  heat  passed  was  moist  air.  The  following  table 
gives  the  results. 


Differ- 
ence of 
tempera- 

Value of  e. 

• 

Ratio. 

ture 
i 

Polished  surface. 

Blackened  surface. 

5 

.000178 

.000252 

.707 

10 

.000186 

.000266 

.69Q 

»5 

.000193 

.000279 

.692 

20 

.000201 

.000289 

.695 

25 

.000207 

.000298 

.694 

30 

.000212 

.000306 

•693 

35 

.000217 

•000313 

•693 

40 

.000220 

.000319 

.693 

45 

.000223 

.000323 

.6go 

SO 

.000225 

.000326 

.bqo 

55 

.000226 

.000328 

.6go 

60 

.000226 

.000328 

.690 

TABLE  888.  -At  DUffrtnt  PrsMiuw. 

Experiments  made  by  J.  P.  Nicol  in  Tait*s  Labo- 
ratory show  the  effect  of  pressure  of  the  en- 
closed air  on  the  rate  of  loss  of  heat.  In  this 
case  the  air  was  dry  and  the  enclosure  kept  at 
about  80  C. 


Polished  surface. 

Blackened  surface. 

( 

ee 

t 

et 

Prsssurb  76  CMS.  OP  Mbrcury. 

63.8 

57.1 

•^7 

61.2 
50.2 

.01746 
.01360 

50.C 
44.8 

.00736 

41.6 

.01078 

.00628 

34-4 

.00860 

40.5 

.00562 

«7.3 

.00640 

34-2 

.00438 

20.5 

.00455 

29.6 

.00378 

- 

- 

23.3 

I8.S 

.00278 

- 

- 

.00210 

" 

^ 

Prbssurb  10.  a  CMS.  op  Mbrcury. 

67.8 

.00492 

62.5 

x>i298 

61. 1 

.00413 
.00383 

57-5 

.01158 

55 

53-2 

.01048 

497 

.00340 

47-5 

.00898 

44.0 
40.8 

.00302 

43-0 
28.5 

.00791 

.00268 

.00490 

Prbssurb  i  cm 

,  OP  Mbrcury. 

'%. 

.00388 

62.5 

.01 182 

/x>286 

57-5 

.01074 

50 

54.2 

.01003 
.00726 

40 

.00219 

41.7 

30 

.00157 

37-5 

.00639 

235 

.001 24 

340 

.00569 

— 

— 

27.5 

.00440 

24.2 

.00391 
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t  "  Proc.  Roy.  Soc.*'  Edinb.  1869. 
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Tabl,E8  284,  286. 


COOLING  BY  RADIATION  AND  CONVECTION. 


TABLE  884.  —  Ooolinc  of  PUtlnim  Win  la  OovP«r  BiiTelopa. 

Bottomley  gives  for  the  radiation  of  a  bright  platinum  wire  to  a  copper  envelope  when  the  space  between  is  at  the 
highest  vacuum  atuinable  the  following  numbers :  — 

r=4D8°  C,  ^/=r  378.8  X  lo-*,  temperature  of  enclosure  16°  C. 


/=  505"^  C,  ei=  726.1  X  10- 


17' 


C. 


It  was  found  at  this  degree  of  exhaustion  that  considerable  relative  change  of  the  vacuum  produced  very  small 
change  of  the  radiating  power.  The  curve  of  relation  between  degree  of  vacuum  and  radiation  becomes  asjinp- 
totic  for  hieh  exliaustions.     The  foUowins  uble  illustrates  the  variation  of  radiation  with  presmre  of  air  in 


totic  for  high  exliaustions.     The  following 
enclosure 


Temp,  of  enclosure  16°  C,  /  =  408°  C 

Temp,  of  enclosure  17°  C,  /=  505°  C. 

Pressure  in  mm. 

et 

Pressure  in  mm. 

e« 

740. 
440. 
140. 
42.    » 

4- 
0.444 

.070 

.034 
.012 

.0051 

.00007 

8137.0  X  10-* 

7971.0     " 
7875.0     *' 
7591.0     " 
6036.0     " 
2683.0    " 
1045.0     ** 

727-3     " 
539-2    " 

436.4    " 
378.8    " 

0.094 

.053 

.034 

.013 

.0046 

.00052 

.00019 
Lowest   reached    } 
but  not  measured  \ 

1 

1688.0  X  10-^ 
1255.0     •* 
1 1 26.0     " 
920.4     " 

831-4     "       . 
767.4     " 
746.4     " 

726.1     " 

TABLE  886.— BIfaet  Of  ProMwo  on  LoM  of  Hoat  at  DUfamt  Tomparaturoa. 


The  temperature  of  the  enclosure  was  about  1 5^  C.    The  numbers  give  the  total  radiation  in  therms  per  square 

timeter  per  second. 


Temp,  of 
wire  in  C-*. 

Pressure  in  mm. 

• 

10.0 

I.O 

0.25 

0.025 

About 
0.1  M. 

100° 
200 

300 
400 

000 
700 
800 
900 

0.14 

•31 
.50 

-75- 

O.II 

■■It 

•S3 

0.05 
.11 

.18 

•25 

-33 
.45 

0.01 
.02 
.04 
.07 

•13 
•23 

.56 

0.005 
.0055 
.0105 
.025 
.055 

.13 
.24 
.40 

.61 

Note.  —  An  interesting  example  (because  of  its  practical  importance  in  electric  light- 
ing) of  the  effect  of  difference  of  surface  condition  on  the  radiation  of  heat  is  given  on  the 
authority  of  Mr.  Evans  and  himself  in  Bottomley's  paper.     The  energy  required  to  keep 
up  a  certain  degree  of  incandescence  in  a  lamp  when  the  filament  is  dull  black  and  when 
it  is  "  flashed  "  with  coating  of  hard  bright  carbon,  was  found  to  be  as  follows  :  — 

Dull  black  filament,  57.9  watts. 
Bright  "            "        39.8  watts. 
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TABLE  286.  —  Conduction  of  Heat  acxoM  Air  Spaces  (Ordinary  Temperatures). 
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Loss  of  heat  by  air  from  surfaces  takes  place  by  mdiation  (dependent  upon  radiating  power  of  surface;  for  small 
tempeiature  differences  proportional  to  temperature  difference;  follows  Stefan-Boltzmann  formula,  see  p.  2^7), 
conduction,  and  convection.  The  two  latter  are  generally  inextricably  mixed.  For  horizontal  air  spaces,  upper  surface 
^rarm,  the  loss  is  all  radiation  and  conduction;  with  warm  lower  surface  the  loss  is  greater  than  for  simiuir  vertical 
space. 

Vertical  spaces:  The  foUowiiig  table  shows  that  for  spaces  of  less  than  x  cm  width  the  loss  is  nearly  i»x>portional 
tx>  the  space  width,  when  the  radiation  is  allowed  for;  for  greater  widths  the  increase  is  less  rapid,  then  reaches  a  maxi- 
mum, and  for  yet  greater  widths  b  slightly  less.  The  following  table  is  from  Dickinson  and  van  Dusen,  A.  S.  Refrigerat- 
ing Engineers  J.  3i  1916. 

HEAT  CONDUCTION  AND  THERMAL  RESISTANCES,  RADUTION  ELIMINATED, 

AIR  SPACE  20  CM  HIGH. 


Air 

space, 

cm. 

Heat  conduction. 
Cal./hour/cmV*  C 

w                                -   ■-    —  ■  ■ 

Thermal  resistance. 
Same  units.' 

Temperature  difference. 

Temperature  difference. 

lO" 

15' 

20« 

25* 

IO« 

IS** 

20" 

2S" 

0.5 
x.o 

IS 
2.0 
3.0 

0.46 

0.160 

o.x6x 
0.172 

0.46 
0.24 
0.  X72 
0.X78 
0.X96 

0.46 

0.24 

0.182 

0.200 

0.208 

0.46 

0.24 

0.192 

0.2x7 

0.217 

2.17 

4. as 
6.2s 
6.20 
S.80 

2.17 
4.20 

S.60 

S.xo 

2.X7 

4. IS 
SSO 
S.oo 
4.80 

2.17 
4.10 
S.20 
4.60 
4.60 

Variation  with  height  of  air  space:  Max.  thermal  resistance 
30  cm  high;  8.9  at  2.5  cm,  60  cm  high. 


4.0  at  X.4  cm  air  space,  xo  cm  high;  6.0  at  x. 6  cm, 


TABLE  287.  —  Heat  Convection  in  Air  at  Ordinary  Temperatures. 

In  very  narrow  layers  of  ur  between  vertical  surfaces  at  different  temperatures  the  convection  currents,  in  the 
main,  flow  up  one  side  and  down  the  other,  with  eddyless  (stream-line)  motion.  It  follows  that  these  currents  trans- 
port heat  to  or  from  the  surfaces  only  when  th^  turn  and  flow  horizontally,  from  which  fact  it  follows,  in  turn,  that 
the  convective  heat  transfer  is  indq>endent  of  the  height  of  the  suriace.  it  is,  according  to  the  laws  of  eddyless 
flow,  proportional  to  the  square  of  the  temperature  difference,  and.  to  the  cube  ojf  the  distance  between  the  surfaces. 
As  the  flow  becomes  more  rapid  (e.g.,  for  a  20**  difference  and  a  distance  of  1.3  cm)  turbulence  enters,  and  the  above 
relations  begin  to  change.  For  the  dimensions  tested,  convection  in  horizontal  layers  was  a  little  over  twice  that  in 
vertk^ 

Taken  from  White,  Physical  Review,  xo,  743,  19x7. 


Heat  Transfer,  in  the  Usual  C.GS.  Unit,  i.e.,  Calories  per  Second  per  Degree  of  Thermal  Head  per  Square  Cm  of 

Flat  Surface,  at  22.8*  Mean  Temperature. 

Wh?re  two  values  are  given,  thev  show  the  range  among  determinations  with  different  methods  of  getting  the  tem- 
perature of  the  outer  plate.  It  will  be  seen  that  the  value  of  the  convection  is  practically  unaffected  by  this  difference 
of  method. 


1 

Thermal 
head. 

8  mm  gap. 

X2  mm  gap. 

24  mm  gap.                    1 

Total. 

Convection. 

Total. 

Convection. 

Total 

Convection. 

0.99'* 

i.98» 

4.95* 

9.89* 

19. 76* 

/  .000  X09 

\                XXO 

.000   XIX 

1  .000    112 
\               113 

.000  xx6 

.000  oox 

.000  003 
003 

.000  007 

.  000  083  9  \ 
.000  084  8  / 

. 000  084  0  1 
.000  08s  2  j 

/  .000  086  6 

1            88  X 

.000  093  7 

95  a 
f  .000  X07  7 

I            109  4 

.000  000  I 
000  4 

. 000  002  8  \ 

003  7  / 

.000  0x0  \ 
.000  oxx 
. 000  024  \ 
026/ 

.000  065 

.000  090 

.000  X06 
.000  X26 

over  .000  02s 

over  .000  040 
over  .000  060 
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254  Table  M8. 

CONVECTION   AND  COflDUCTION   OF   HEAT  BY  GASES  AT  HIGH  TEMPERATURES.* 

The  loas  of  heat  from  wires  at  high  temperatures  occurs  as  if  by  conduction  acrsss  a  thin  fihn  of  statiooaxy  s» 
adhering  to  the  wire  (vertical  and  horizontal  losses  very  similar).  ThidLness  of  film  a  apparently  tndependem  erf 
temperature  of  wire,  but  probably  increases  with  the  temperature  of  the  gas  and  varies  with  the  diameter  of  the  wse 
according  to  the  formula  h-lofib/a  »  2B,  where  B  »  constant  for  any  gas,  b  »  diameter  of  film,  a,  of  wire.  The  rate 
of  convection  (conduction)  oTheat  is  the  product  of  two  factors,  one  the  shape  factor,  s,  involving  only  a  and  B,  the 
other  a  function  j>  of  the  heat  conductivity  of  the  gas.  If  IT  «  the  energy  loss  in  watts/cm,  then  W  «  s(^  —  ^). 
s  may  be  found  from  the  relation 


-  €        S    ' 


|:    4>-*.t9fJUt. 


where  A  is  the  heat  conductivity  of  the  gas  at  tenaperature  T  in  calories/cm  *  C.    ^  is  taken  at  the ^ 

of  the  wire,  0i  at  that  of  the  atmosphere.    The  following  may  be  taken  as  the  conductivities  of  the  corr 
gases  at  high  temperatures: 


temperature  Tt 


For  hydrofen ik  -    28  X  xo-Vj 

air ik  —  4.6  X  xo"*v^ 

mercuiy  vapor * -•  3.4  X  io~Vj 


(x  +  .ooo2r)/(x+77r-»)} 
(I  +  .ooo2r)/(i  +  ia4r-»)| 
1/(1  +  96or-»)l. 


To  obtain  the  heat  loss:  B  may  be  assumed  proportional  to  the  viscosity  of  the  gas  and  inversely  proportional  to 
the  density.  For  air  (see  TaUe  289(6))  B  may  be  taken  as  0.43  cm;  for  Hi,  3.05  cm;  for  Hg  vapor  as  OJ07&.  Obtain 
s  from  section  (a)  bdow  from  a/B;  then  frcMn  section  (b)  obtain  0i  and  0i  tot  the  proper  temperatures;  the  loss  wiQ 
be  5(^  —  0i)  m  watts/cm. 


(a)  s  i 

hs  Function  of  a/B. 

I 

a/B 

s 

a/B 

5 

a/B 

s 

a/B 

1 

0.0 

0.0 

S.o 

0.453 

xo 

1.696 

30 

1 
7.73« 

0.5 

0.73s  X  io-« 

11 

0.558 

X3 

2.263 

3a 

8.370 

x.o 

0. 594  X  io-» 

0.671 

It 

2.844 
3.438 

^ 

8.995      1 

IS 

0.72s  X  io-» 

6.S 

0.788 

9.622 

2.0 

2.7s  X  xo-« 

7.0 

0.908 

.    x8 

4.040 

38 

10.25 

3.5 

0.0644 
0.1176 

li 

X.032 

20 

4.645 

40 

10.87 

3.0 

x.x6o 

22 

5. 263 

42 

XX. 50 

3.5 

0.185 

8.5 

X.29X 

24 

5. 877 

t« 

X3.X4 

4.0 

0.26s 

9.0 

X.424 

26 

6.505 

X3.77 

4.5 

0.354 

95 

X.56X 

28 

7.X22 

48 

13- X4 

5.0 

0.4S3 

xo.o 

X.696 

30 

7.738 

50 

14-03 

(b)  Table  of  0  in  Watts  pek  Cm  as  Function  of  Absolxtte  Temp.  (*X.). 


*  Langmuir  Physical  Review,  34,  p.  40X,  1913. 


r'K. 

H> 

Air 

Hg- 

1 

Hf 

Air 

Hg 

o« 

XOO 

200 

300 
400 

soo 
700 
900 

XIOO 

X300 
X500 

0.0000 
0.0329 

O.X2Q4 

0.278 

0.470 

0.700 
X.26I 
X.96X 
2.787 
3.726 

4.787 

0.0000 
0.004X 
0.0x68 

0.X0X7 
0.X89 

0.297 
0.426 
0.576 

0.744 

0.0x65 
0.0356 
0.062X 

0.0941 
O.X333 

0.X783 

1500* 

1700 

X900 

2x00 

2300 

2500 
2700  . 
2900 
3x00 
3300 

3500 

1 

4.787 
5.945 
7-255 
8.6<s 
xo.x8 

XX. 89 
13. 56 
15.54 
17.42 
19.50 

21.79 

0.744 
0.931 

X.87X 

0.X783 
0. 228 
0.284 

0.34s 
0.4XX 

0.48X 

0.636 

IIS 

0.IS07 

0.898 
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Table  S89. 
HEAT  LOSSES  FROM    INCANDESCENT  FILAMENTS. 
Cd)  WiKES  OF  Platinum  Sponge  Served  as  Radiators  (to  Room-temperature  Surround- 
ings).   Hartman,  Physical  Review,  7,  p.  431,  1916. 


I 


(A)  Observed  heat  losses  in  watts  per  cm. 

Diamettr 
wire, 
cm. 

Abscdute  temperatures. 

goo- 

lOOO* 

llOO* 

1200* 

1300* 

X400* 

1500* 

1600'' 

1700'* 

iSoo" 

1900" 

2000* 

0.0690 
0.0420 
0.0275 
0.0194 

1.70 

1.35 
1.12 
0.92 

2.26 

1.75 
1.40 

1.15 

3.01 
2.26 
1.76 
1.39 

3.88 
2.84 
2.23 
1.74 

4.92 

3-53 
2.73 
2.12 

6.18 
4.29 
3-23 

2.54 

7,70 
5. 33 
3. 91 
3.04 

6.60 
4.67 
3.64 

12.15 
8.25 
5.72 
4.32 

IS. 33 

10.20 

7.00 

510 

19.25 

8.64 
6.10 

23- 75 

14.75 

10.45 

7.35 

(B)  Heat  losses  corrected  for  radiation,  watts  per  cm  (A-C). 

0.0690 
0.0420 

0.0275 
Q.0194 

0.01 
0.87 
0.80 
0.70 

r-os 
1.02 
0.92 
0.81 

1.23 

1.17 
1.05 
0.89 

1.36 
1.31 

1.32 
1.03 

1.45 
1.42 

1-35 
1.15 

1. 51 
1.45 
1.37 
1.23 

1.54 

1.46 
X.31 

1.66 
1.76 
1.50 
1.40 

2.00 
2.08 
X.67 
1.47 

2.56 

2.43 
1.91 

1.51 

3.40 
2.80 

2.32 

1.64 

4.30 
3.26 
2.70 
1.88 

(C)  Computed  radiation,  watts  per  cm,  <r  -  5.61  X  io-"> 

0.0690 
Q.0420 
0.027s 
0.0195 

0.79 
0.48 
0.32 
0.22 

1.21 

0.73 
0.48 
0.34 

1.78 
1.09 
0.71 
0.50 

2.52 

1.53 
1. 01 

0.71 

3.47 
2. II 
1.38 
0.97 

4.67 
2.84 
1.86 
1. 31 

6.16 
3-74 
2.45 
X.73 

7.97 
4-84 
3.17 
2.24 

10.15 
6.17 

2.85 

12.77 
7.77 
5.09 
3.59 

15.85 
9.65 

6.32 
4.46 

19.45 
IX. 85 

7.75 
5-47 

(D)  Conduction  loss  by  silver  leads,  watts  per  cm. 

0.0420 
0.0275 
0.0195 

0.42 
0.18 
0.06 

0.46 
0.21 
0.08 

0.49 
0.28 
0.08 

0.61 

0.35 
0.09 

0.75 
0.43 

O.II 

0.88 
0.48 
0.12 

1. 00 

0.55 
0.14 

1.07 

0.57 
0.15 

1. 13 
0.60 

0.t2 

1.22 
0.67 
0.23 

— 

■  ' 

(E)  Convection  loss  by  air,  watts  per  cm. 

0.0420 
0.0275 
0.0195 

0.4s 
0.62 
0.64 

0.56 
0.71 
0.73 

0.68 

0.77 
0.81 

0.70 
0.87 
0.94 

0.67 
0.92 
1.04 

o!89 
i.ii 

0.59 
0.91 
1. 17 

0.69 
0.93 
1.25 

0.95 
1.07 
1.29 

1.21 

1.24 
1.30 

""^ 

— 

♦Tl 

lis  value  is  lower  than  the  presently  (1919)  accepted  value  of  , 

S.72. 

(6)  Wires  of  Bright  Platinum  40-50  Cm  Long  Served  as  Radiators  to  Surroundings 

AT  300**  K.    Langmuir,  Physical  Review,  34,  p.  401,  191 2. 


Diameter 
wire, 
cm. 

Observed  energy  losses  in  watts  per  cm. 

Absolute  temperatures. 

500- 

700* 

900* 

IlOO* 

1300* 

1500* 

1700* 

1900*^ 

0.0510 

o.aa 

0.52 

0.90 

1.42 

2.03 

2.89 

4.10 

5.65 

0.02508 

0.17 

0.39 

0.68 

1.02 

1-45 

2.00 

2.68 

3. 55 

0.01262 

0.13 

0.31 

0.53 

0.79 

X.II 

1.46 

X-9S 

2.71 

0.00691 

O.X2 

0.29 

0.48 

0.72 

0.99 

1. 33 

1.79 

2.48 

0.00404 

0.11 

0.24 

0.41 

0.61 

0.84 

1.14 

1.54 

2. 13 

Enexgy  radiated  in  watts  per  cm.*                                                                | 

0.0510 

0.002 

0.013 

0.049 

0.137 

0.323 

0.67 

X.2S 

2.15 

0.02508 

O.OOI 

0.007 

0.024 

0.067 

0.159 
0.080 

0.33 

0.62 

1.06 

0.01262 

O.COI 

0.003 

0.012 

0.034 

0.17 

0.31 

O.S3 

0.00691 

0.000 

0.002 

0.007 

0.019 

0.044 

0.09 

0.17 

0.29 

0.00404 

o.ooo 

0.001 

0.004 

O.OII 

0.026 

0.05 

O.IO 

0.17 

"  Convection  "  losses  in  watts  per  cm.                                                               | 

0.05x0 

0.22 

o.sx 

0.85    < 

1.28 

1.71 

2.22 

2.8s 

3.50 

0.02508 

0.17 

0.38 

0.66 

0.95 

1.29 

1.67 

2.06 

2.49 

0.01262 

0.13 

0.31 

0.52 

0.75 

1.03 

•   1.29 

1.64 

2.18 

0.00691 

0.12 

0.29 

0.47 

0.70 

0.9s 

1.24 

1.62 

2.19 

0.00404 

O.II 

0.24 

0.41 

0.60 

0.81 

1.09 

1.44 

1.96 

Thickness  of  theoretical  conducting  air  film.                                                          | 

Means. 

0.0510 

0.28 

0.30 

0.33 

0.33 

0.36 

0.37 

0.35 

0.36 

0.34 

0.02508 

0.30 

0.37 

0.37 

0.41 

0.4s 
0.56 

0.45 
0.69 

0.51 

0.56 

0.43 

0.01262 

0.42 

0.42 

0.44 

0.49 

0.69 
0.38 

0.47 

0.54 

0.00691 

0.31 

0.32 

0.38 

0.40 

0.43 

0.47 

0.26 

0.37 

0.00404  • 

0.27 

0.43 

0.43 

0.47 

0.56 

0.47 

0.40 

0.25 

0.41 

Means. 

0.31 

0.37 

0.39 

0.42 

0.49 

0.49 

0.47 

0.38 

to.  43 

*  Computed  with  <r  >"  5.32,  black-body  efficiency  of  platinum  as  follows  (Lummer  and  KurlbaumJ 

:  492*  K. 
BSt  group 

0.039J  654*,  0.060;  795*,  0.075;  iio8*,  0.112;  1481'*,  0.154;  1761°  K.,  0.180.    For  significance  of  1 
of  data,  see  next  page,      t  Weighted  mean. 
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Tables  190-t91. 
THE  EYE  AND  RADIATION. 


Definitions:  A  meter-candle  is  the  intensity  of  fllumination  due  to  a  standard  candle  at  a  meter  distance. 
mMilambert  (cooz  lambert)  measures  the  brightness  of  a  perfectly  diffusing  (according  to  Lambert's  oasine  law) 
sur^e  diffusing  x  lumen  per  cm*.  A  brightness  of  10  meter-candles  equals  x  millilambert.  o.ooi  ml  correspoiKk 
rougUv  to  night  exteriors,  o.i,  to  night  interiors,  xo  ml  to  daylight  interiors  and  1000,  to  daylight  exteriors.  A  bnglit- 
ness  of  100,000  meter-candles  is  about  that  of  a  horizontal  plane  for  summer  day  with  sun  in  zenith,  500,  oa  a  doody 
day,  4,  ist  magnitude  stars  just  visible,  0.2,  full  moon  in  zenith,  .001,  by  starlight;  in  winter  the  intensity  at  noao  maj 
drop  about  1. 


TABLE  S90.  —  Spectnl  Varktioii  of  SensitiveneM  as  a  Fttnction  of  Intensity. 

Radiation  is  easily  visible  to  most  eyes  from  0.330  u  (violet)  to  0.770  fi  (red).  At  low  intensities  near  tfaresJiold 
values  (gny,  rod  vision)  the  maximum  ot  si>ectral  sensibility  lies  near  0.503  fi  (green)  for  90%  of  all  persons.  At  hj^er 
intensities,  after  the  establishment  of  cone  vision,  the  max.  shifts  as  far  as  0.560  u.  See  Table  ag?  for  more  aocuiate 
values  of  sensitiveness  after  this  shift  has  been  accomplished.  The  ratio  of  optical  sensation  to  the  intensity  of  coergy 
increases  with  increasing  energy  more  rapidly  for  the  red  than  for  the  shorter  wave-lengths  (Purkinje  phcnomenoot; 
i.e.,  a  red  light  of  equal  mtensity  to  the  eye  with  a  green  one  will  appear  darker  as  the  intensities  are  equally  knrcred 
This  phenomenon  disappears  above  a  certain  intensity  (above  to  millilamberts).  Table  due  to  Nutting,  BuDctia 
Bureau  of  Standards. 


The  intensity  is  given  for  the  spectrum  at  0.535;*  (green). 


Intensity 
(meter-candles)  = 
Ratio  to  preceding  step 


Wave-length,  X. 


0.430M 
0.450 
0.470 
0.490 

0.505 
0.520 

0.53s 
0.55S 
O.S7S 
0.590 
0.605 
0.625 
0.650 
0.670 
X ,  maximum  sensitiveness 


.00024 


,00235 
9.38 


.0360 
16 


S7S 
16 


a. 30 

4 


9.22 

4 


Sensitiveness. 


o.oSx 

0.33 

0.63 

0.96 

x.oo 

0.88 

0.61 

0.26 

0.074 

0.025 

0.008 

0.004 

0.000 

0.000 

0.503 


0.093 

0.127 

O.X28 

0.30 

0.29 

0.31 

O.S9 

0.54 

0.58 

(0.89) 

(0.76) 

(0.89) 

1. 00 

X.oo 

x.oo 

0.86 

0.86 

0.94 

0.62 

0.63 

0.72 

0.30 

0.34 

0.41 

0.102 

O.X22 

0.168 

0.034 

0.054 

0.091 

0.012 

0.024 

0.056 

0.004 

O.OIX 

0.027 

0.000 

0.003 

0.007 

0.000 

O.OOI 

0.002 

0.504 

0.504 

0.508 

0.XX4 
0.23 

0.51 

(0.83) 

0.99 
0.99 

0.91 
0.62 

(0.39) 

0.27 

0x73 
0.098 
0.025 
0.007 

0.513 


0.XX4 

O.I7S 
0.29 
0.50 
(o.  76) 
(0.8O 

(0.98) 
0.84 

(0.63) 

0.49 

0.3s 

0.20 

0.060 

0.017 

0.530 


36.9 

4 


147.6 
4 


590.4 


0.16 

—- 

0.26 

0.23 

0.4s 

0.38 

0.66 

o.6x 

0.85 

0.85 

0.98 

0.99 

0.93 

0.97 

(0.76) 

(0.82) 

o.6x 

0.68 

(0.4s) 

0.54 

0.27 

0.3s 

0.085 

0.122 

0.025 

0.030 

0.541 

0.543 

0.35 
0.54 

0.8a 
0.9S 
0.98 

(0.84) 

0.69 

o.SS 

0.35 

0.133 

0.030 

O.S44 


TABLE  291.  —  Threshold  Sensibility  as  Related  to  Field  Brightness. 

The  eye  perceives  with  ease  and  comfort  a  bQlion-fold  range  of  intensities.  The  following  data  were  obtained  with 
the  eye  fully  adapted  to  the  sensitizing  field,  B,  the  field  flashed  off,  and  immediately  the  intensity,  T,  of  a  t»t  spot 
(an^lar  size  at  eye  about  5*)  adjusted  to  be  just  visible.  This  table  gives  a  measure  of  the  brightness,  T,  necessary 
to  just  pick  up  objects  when  the  e>'e  is  adapted  to  a  brightness,  B.  Intensities  are  indicated  log  mtensities  in  milli- 
lamberts.   Blanchard,  Physical  Review,  ix,  p.  81,  1918. 


LogB. 


•  •  •  • 


Log  Tf  blue 

Log  7*,  green 

Log  T,  yellow 

Log  r,  red 


-70 


■6.70 
■6.42 


-6.0 

-5.8X 
1.5 

-6.38 
—6.20 

-S-47 


-5.0 

-5.42 
0.38 

-5.82 

—5.62 

-S.17 
-4.27 


-4.0 

-4.87 
.13 

-5" 
-5.00 

—4.61 

—4.00 


-3.0 

-4x7 
.068 

-4-23 

-4.23 

-4  03 

-3-47 


—  2.0 

-3  30 
.050 

-3.46 

-3.39 

-3-33 

—  2.96 


■i.o 


■2.59 
.026 


•2.70 
■2.60 

•2.57 
2.43 


0.0 

—  2.02 
.0096 

-2.x8 

—2.08 

-X.97 

—  X.92 


+X.O 

— X.42 
.0038 

— X.62 

— X.62 

—x.62 

-1-37 


-K2.0 


-0.7s 
.00x8 


—0.90 


—0.90 


+3-0 

-H>.28 
.0019 


~] 


SMITHSONIAN  TABLES. 


Tables  SM-199. 
THE   EYE  AND  RADIATION. 


257 


TABLE  S9t.  —  Heterochromatic  Threshold  Sensibility. 

• 

The  following  table  shows  the  decrease  in  sensitiveness  of  the  eye  for  oxnparing  intensities  of  different  colon.    The 

numbos  in  the  Dody  of  the  table  correspond  to  the  line  marked  T/B  of  Table  291.    The  intensity  of  the  fidd  was 

probably  between  xo  and  100  miililambots  (25  photons). 


Comparison  color. 

0.693  M 

0.640  Ik 

0.57s  M 

0.505  M 

0.47s  M 

0.430  M 

Standard  color:  red 

0.693  M 
O.S75M 
0.505  M 
0.475  M 

0.044 
0.174 

0.2XX 

o.x68 

0.088 
o.x6o 
o.x8o 
0.180 

0.X65 
0.032 
0.138 
0.X30 

o.x8o 
o.x66 
0.030 
0.X30 

0x97 

0.174 
o.xx6 
0.068 

0.X50 

0.134 
0.X26 
0.X42 

ydlow 

green 

blue 

TABLE  298.  —  Contrsst  or  Photometric  Sensibility. 

For  the  following  taUe  the  eye  was  adapted  to  a  field  of  o.x  millilambert  and  the  sensitizing  fidd  flashed  off.  A 
neutral  gray  test  spot  (apgular  size  at  eye,  5  X  2.5")  the  two  halves  of  which  had  the  contrast  indicated  {\  transparent, 
\  covered  with  neutral  screen  of  transparency  —  contrast  indicated)  was  then  observed  and  the  brightness  of  the 
tran^nrent  part  measured  necessary  to  just  perceive  the  contrast  after  the  lapse  of  the  various  times.  One  eye  only 
used,  natural  pupil.  Blanchard,  Physical  Review,  xi,  p.  88,  19x8.  Values  are  log  brightness  of  brighter  ndd  in 
minOamberts. 


Time  in  seconds. 


Contrast:  0.00 

0.39 

0.67 

o.,87 

0.97 


-2.80 
—2.63 

—  2.40 

—  2.10 

—  X.20 


■3-47 
■3-36 
■3.00 
•2.46 
•1.57 


-3  82 
-3.58 
-3  13 
-2.49 
—  1.67 


•4  30 
■3.74 
•3.22 
-2.48 
■X.69 


XO 


•4.49 

■3.85 

•3.2X 

■2-55 
•I  59 


20 


■4.60 
•3  97 
•3.33 
■2.54 
•1.63 


40 


•4.89 
-4.06 
•3-46 
•2.67 

■X-73 


60 


-5. 03 
-4.23 
-3.48 
-2.73 
-1.78 


TABLE  S94.  —  Glare  SensibiUty. 

When  an  j^e  is  adapted  to  a  certain  brightness  and  is  then  exposed  suddenly  to  a  much  greater  brightness,  the 
latter  may  be  called  glaring  if  uncomfortable  and  instinctivdy  avoided.  Observers  naturally  differ  widely.  The  data 
are  the  means  of  three  observers,  and  are  \o^  brightnesses  in  millilamberts.  The  glare  intensity  may  be  taken  as  roughly 
X700  times  the  cube  root  of  the  field  intensity  in  millilamberts.  Angle  of  glare  spot,  4**.  Blanduurd,  Physical  Review; 
loc,  cit. 


■ 

Log.  field...       —6.0 
Log.  glare...          1.35 

1 

-4.0 
X.90 

—  2.0 
2.60 

—  1.0 
2.90 

0.0 
3.28 

+1.0 
3.60 

2.0 
3.90 

3.0 
4x8 

4.48 

TABLE  S96.  — Rate  of  Adaptation  of  Sensibility. 

lliis  table  furnishes  a  measure  of  the  rate  of  increase  of  sensibility  after  going  from  light  into  darkness,  and  the 
values  were  obtained  immediately  from  the  instant  of  turning  off  the  sensitizing  field.  Both  eyes  were  usea,  natuxal 
pupil,  anguUur  size  of  test  spot,  4.9*,  viewed  at  ^5  cm.  Blanchard,  toe.  cii.  Retinal  light  persists  only  10  to  20  m  when 
one  has  been  recently  in  dai^ness,  then  in  a  dimly  lighted  roomj  it  persists  fully  an  hour  when  a  subject  has  been  in 
bright  suiUight  for  some  time.  A  person  who  has  worked  much  m  the  dark  "gets  his  eyes"  quicker  than  one  who  has 
not,  but  his  final  sensitiveness  may  be  no  greater. 


Sensitizing 
field. 


White,  o.  I  ml 

I .  o  ml 

10.  o  ml 

100.  o  ml 

Blue     o.x  ml 

Green  o.i  ml 

Yellow  o.  I  ml 

Red      0.1  ml 


Logarithmic  thresholds  in  millilamberts  after 


osec. 


-2.79 
-2.20 
-X.60 
-0.90 
-2.82 
-2.69 
-2,6x 
-2.32 


X  sec. 


-3.82 

■2.99 
-2.30 
-1.66 
•3.92 
-4.08 
'3.84 
-2.69 


2  sec. 


-4.13 
-3.27 

-2.53 

—2.00 

-4-36 
-4-39 
-4.17 
-2.98 


5  sec. 


-4.50 

■3.79 
■3  08 
-2.46 

-4.91 
-4.82 
■4.41 
■3.37 


10  sec. 


75 
15 
.";4 
64 

27 
II 

65 

57 


20  sec. 


-4.96 
■4-51 
'3.94 
-2.88 

•5.53 
•5.26 

•4.78 

■3.65 


40  sec. 


—5. 16 
-4.82 

-4.31 
—3.20 
-5.68 

-5.43 
—5.02 

-3-73 


60  sec. 


-532 
—5.06 
—4.61 


-3 

-5 
-5 


.84 
81 

S6 


-5.09 
-3.80 


5  nun. 


-i 


.68 

52 

.22 

.76 

23 
80 

39 
02 


30mm, 


■5.91 
•5.86 

•5.83 

■5-77 


60  min. 


-6. 06 
—6.04 
—6.  ox 
-5-97 
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TABLE  S96.  —  Apparent  Diameter  of  Pupil  and  Fliu  Density  at  Retina. 

Flashlight  measures  of  the  pupil  (both  ^es  open)  vievred  through  the  ^e  lens  and  adapted  to  various  field  intCBS- 
ties.  For  e^'e  accommodated  to  35  cm,  ratio  apparent  to  true  pupil,  1.02,  for  the  unaccommodated  eye,  1.14.  The 
pupil  size  varies  considerably  with  the  individual.  It  is  greater  with  one  ^c  dosed;  e.g.,  it  was  found  to  be  for  o.pi 
miililambert,  6.7  and  7.2  mm;  for  0.6  ml,  ^.3  and  6.5;  for  6.3  ml,  4.1  and  5.7;  for  X2.6  iid,  4.x  and  5.7  mm  for  both 
and  one  ^e  open  respectively  for  a  certain  mdividual.  At  the  extreme  intensities  the  two  values  approach  each  other. 
The  ratio  of  the  extreme  pupil  openings  is  about  1^,  whereas  the  light  intensities  investigated  vary  over  z,ooo/>oo-fold 
(Biaochard  and  Reeves,  partly  unpublished  data.) 


Field 
millilamberts. 

Diameter,  mm 

Effective 
area,  mm' 

Flux  at  retina, 
lumens  per  nun* 

Observed. 

(1.X4/1.02) 
XObs. 

O.OOOOI 

o.ooz 
0.1 
xo 
1000 

8 
7.6 

6.5 
4.0 
2.07 

8.96 
8.5X 
7.28 
4.48 
2.35 

64 
57 
42 
16 

4-3 

8.4Xio-« 
7.6  X  10-" 
S.6Xxo-« 
2.x  X10-* 
5.8  X  10-* 

TABLE  297.  -  Relative  Visibility  of  Radiation. 

This  table  gives  the  relation  between  luminous  sensation  (light)  and  radiant  energy.  The  results  of  two  metfaodi 
are  given:  one  from  measures  of  the  direct  equally  of  brightness^  which  some  consider  the  true  method,  as  more  direct, 
but  criticized  because  of  the  difficulty  of  judging  neterochromatic  li^t  (Hyde,  Forssrthe,  Cacb^,  A.  J.  48,  87,  1918,  39 
observers);  the  other  (Coblentz,  Emerson,  Bui.  Bureau  of  Standards,  14,  219,  X917,  130  observers)  depends  00  the 
disapptearance  of  flicker  when  two  lights  of  different  color  and  intensity  are  alternated  rapidly.  Color  has  a  lover 
critical  frequency  than  brightness  and  disappears  first.  Data  determined  for  intensities  alxnre  Purkinje  effect.  See 
Table  290.    Ratio  of  light  unit  (lumen)  to  energy  unit  (watt)  at  0.55^1,  0.00x62  (Ives,  Coblentz,  Kiikgsbuiy). 


X 

VisibiUty. 

X 

Visibflity. 

X 

Visibflity. 

X 

Visibility. 

X 

VisibiUty. 

HFC 

CE 

HFC 

CE 

HFC 

CE 

HFC 

CE 

HFC 

CE 

( 

.40   1 

.41 

.42 

•43 

.44 

M 

.47 

.049 

.0962 

.0041 

.OXX5 

.022 

.036 

.0x0 
.017 
.024 
.029 

.033 
.041 
.056 
.083 

.48 

.49 

SO 

52 

.53 
■S4 
.55 

.X38 
.2x6 
.328 

.847 

.996 

125 

194 
3x6 
503 
710 
862 
954 
994 

.56 

:ll 

.61 
.62 
.63 

•  995 

.735 
.600 

464 
.341 
.238 

.998 

ti 

800 
.687 

557 
427 
302 

.64 

■.tL 

.69 
.70 

■  71 

.X54 
.094 
.051 
.026 
.0x25 
.0062 
.0031 
• .0015 

.X94 

.115 

.0645 

.0338 

.0x78 

.0085 

.0040 

.00203 

.72 
.73 
.74 
.75 
.76 

•  o»74 

.0336 

.oti8 

■o<9 

.O.S 

.o>97 
.OS48 

.OS28 

.Oa20 

TABLE  298.  —  Miscellaneous  Eye  Data. 

Light  passing  to  the  retina  traverses  in  succession  (a)  front  surface  of  the  cornea  (curvature,  7.0  mm);  (6)  cornea 
(equivalent  water  path  for  energy  absorption,  .06  cm);  (c.)  back  surface  comea|(curv.,  7.9  mm);  (a)  aqueous  humour 
(equiv.  H9O,  .34  cm,  n  »  1.337);  («)  front  surface  lens  (c,  xomm);  (/)  lens  (equiv.  HK),  .42  cm,  n  —  x-445):  (c)  back 
surface  lens  (c,  6  mm);  (k)  vitreous  humour  (equiv.  H^^  1.46  cm,  n  ■■  x.337).  An  equivalent  simple  lens  has  its 
principal  point  2.34  mm  behind  (a),  nodal  point  0.48  mm  m  front  of  (f ),  posterior  principal  focus  22.73  mm  behind 
(a),  anterior  principal  focus  12.83  mm.  in  front  of  (a),  curvature,  5.125  mm.  At  the  rear  surface  of  the  retina  (.15  mm 
thick)  are  the  rods  (30  X  a/i)  and  cones  (xo  (6  outside  fovea)  ju  long).  Rods  are  more  numerous,  2  to  3  between 
a  cones,  over  3,ooo/xx>  cones  in  eye.  Macula  lutea,  ydlow  spot,  on  temporal  side,  4  nmi  from  center  of  retixtt;  long  a^ 
a  mm.  Central  depression,  fovea  centndis,  .3  mm  diameter,  7000  cones  alone  present,  6  X  s  or  3U.  Li  region  of  ds- 
tinct  vision  (fovea  centralis)  smaHest  angle  at  which  two  objects  are  seen  separate  b  50*  to  70*  =  3.65  to  5.X4M  at 
retina;  50  cones  in  xoo/x  here;  4/A  between  centers,  sfx  to  cone,  ifi  to  interval.  Dbtance  apart  for  sepaiation  greater 
as  depart  from  fovea.    No  vision  in  blind  spot,  nasal  side,  2.5  mm  from  center  of  ^e,  15  mm  in  diam. 

Peraistence  of  vision  as  related  to  color  (Allen.  Phys.  Rev.  xx,  257,  1900)  and  mtensity  (Porter,  Pr.  Roy-  Soc  70, 
313,  X9X2)  is  measured  by  increasing  speed  of  routing  sector  until  flicker  disappears:  for  color,  .4M,  .031  sec.;  .450; 
.020  sec.;  .5M,  015  sec.;  .S7H,  .012  sec.;  .68;it,  .014  sec.;  .76^1,  .018  sec.;  for  intensity,  .06  meter<andle,  .028  sec.;  x  roc, 
.020  sec.;  6  mc,  .014  sccr;  100  mc,  .010  sec;  X42  mc,  .007  sec. 

Sensibility  to  small  differences  in  color  has  two  pronounced  maxima  (in  ydlow  and  green)  and  two  alight  oms 
(extreme  blue,  extreme  red).  The  sensibflity  to  small  differences  in  intensity  is  nearly  independent  of  the  mtensity 
(Fechner's  law)  as  indicated  by  the  following  data  due  to  Kdnig: 


///• 

1,000,000 

100,000 

10.000 

1000 

xoo 

so 

xo 

5 

X 

O.I 

/einmc 

dl/I,  white 

.60  /i 

.50/i 

.43  M 

.036 

.019 
.024 

.018 
.016 
.018 

.018 
.020 
.018 
.018 

.030 
.028 
.024 

.025 

.032 
.038 
.025 
.027 

.048 
.061 

.036 
.040 

.059 
.103 

.049 
.049 

.123 

.2X2 
.080 
.074 

.377 

.133 
.137 

.00072 
.0056 
.000x7 
.00012 

Smithsonian  Tables. 


Table  999.  2  CO 

PHOTOMETRIC   DEFINITIONS  AND   UNITS. 

Luminous  flux,  P  -  radiant  power  according  to  visibility,  i.e.,  capacity  to  produce  sensation 
of  light.  Unit,  the  htmen  -  flux  emitted  in  a  unit  solid,  angle  (steradian)  by  point  source  of  one 
candle  p3wer. 

Visibility,  Ky.  of  radiation  of  wave-length  X  -  ratio  luminous  flux  to  radiant  power  (energy) 

producing  it.  Mean  visibility,  K^j  over  any  range  of  X  or  for  whole  visible  spectrum  of  any 
source  »  ratio  total  flux  (lumens)  to  total  radiant  power  (erg/sec.  or  watts). 

Luminous  intensity,  /,  of  (approximate)  point  source  -  solid  angle  density  of  luminous  flux 
in  direction  considered  -  dP/dfa  or  F/co  if  intensity  is  uniform,  oi  is  the  solid  angle.  Unit, 
the  candle. 

Illumination  on  surface  is  the  flux  density  on  the  surface  -  dF/dS,  or  P/S  when  uniform. 
5  is  the  area  of  the  surface.    Units,  meter-candle,  foot-candle,  phot,  lux. 

(Lux  >«  one  limien  per  m^;   phot  »  one  lumen  per  cm^.) 

Brightness,  &,  of  element  of  surface  from  a  given  point  *-  dl/dS  cos  B,  where  B  is  the  angle 
between  normal  to  surface  and  line  of  sight.  Unit,  candles  per  cm^  Normal  brightness,  &o 
—  dl/dS  -  brightness  in  direction  normal  to  surface.    Unit,  the  lambert. 

Specific  luminous  radiation,  E  -  luminous  flux  density  emitted  by  a  surface,  or  the  flux 
emitted  per  imit  of  emissive  area,  expressed  in  lumens  per  cm^  For  surfaces  obeying  Lam- 
bert's cosine  law,  £'  -  tJo. 

The  lambert,  the  cgs  unit  of  brightness,  is  the  brightness  of  a  perfectly  diffusing  surface  radiat- 
ing or  reflecting  one  lumen  per  cm^.  Equivalent  to  a  perfectly  diffusing  surface  with  illumina- 
tion of  one  phot.  A  perfectly  diffusing  surface  emitting  one  lumen  per  ft'  has  a  brightness  of 
1.076  millilamberts.    Brightness  in  candles  per  cm'  is  reduced  to  lamberts  by  multiplying  by,T. 

A  uniform  point  source  of  one  candle  emits  4?r  lumens. 

One  lumen  is  emitted  by  .07958  spherical  candle  power. 

One  lumen  emitted  per  ft'  -  1.076  millilamberts  (perfect  diffiision). 

One  spherical  candle  power  emits  12.57  lumens. 

One  lux  a  I  lumen  incident  per  m'  -  .0001  phot  -  .1  milliphot. 

One  phot  -  i  lumen  incident  per  cm'  -  10,000  lux  >  1000  milliphots. 

One  milliphot  -  .001  phot  -  .929  foot-candle. 

One  foot-candle  >«  i  lumen  incident  p>er  ft'  -  1.076  milliphots  -  10.76  lux. 

One  lambert  -  i  lumen  emitted  per  cm'  of  a  perfectly  diffusing  surface. 

One  miUilambert  -  .929  lumen  emitted  per  ft'  (perfect  diffusion). 

One  lambert  -  .3183  candle  per  cm'  -  2.054  candles  per  in'. 

One  candle  per  cm'  -  3.1416  lamberts. 

One  candle  per  in'  -  .4968  lambert  -  486.8  millilamberts. 

Adapted  from  1916  Report  of  Committee  on  Nomenclature  and  Standards  of  Illuminating 
Engineering  Society.    See  Tr.,  Vol.  11,  1916. 
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Tables  300 -30  2. 
TABLZ  SOO.  —  PhotoaMtrlo  standarOs. 


No  primary  photometric  standard  has  been  generally  adopted  by  the  various  governments.  In 
Germany  the  Hetner  lamp  is  most  used ;  in  England  the  Pentane  lamp  and  sperm  candles  are 
used ;  in  France  the  Carcel  lamp  is  preferred;  in  America  the  Pentane  and  Hefner  lamps  are  used 
to  some  extent,  but.  candles  are  more  largely  employed  in  gas  photometry.  For  the  photometry 
of  electric  lamps,  and  generally  in  accurate  photometric  work,  electric  lamps,  standardized  at  a 
natipnal  standardizing  institution,  are  commonly  employed. 

The  "  International  candle  "  is  the  name  recently  employed  to  designate  the  value  of  the  candle 
as  maintained  by  cooperative  effort  between  the  national  laboratories  of  England,  France,  and 
America;  and  the  value  of  various  photometric  units  in  terms  of  this  international  candle  is  given 
in  the  following  table  (taken  from  Circular  No.  15  of  the  Bureau  of  Standards). 


I  International  Candle 
I  International  Candle  - 
1  International  Candle  • 
I  International  Candle 
I  International  Candle 


I  Pentane  Candle. 
I  Bougie  Decimale. 
1  American  Candle. 
I.I  I  Hefner  Unit. 
0.104  Carcel  Unit. 


Therefore  i  Hefner  Unit  =  0.90  International  Candle. 

The  values  of  the  flame  standards  most  commonly  used  are  as  follows : 

1.  Standard  Pentane  Lamp,  burning  pentane 10.0  candles. 

2.  Standard  Hefner  Lamp,  burning  amyl  acetate 0.9  candles. 

3.  Standard  Carcel  Lamp,  burning  colza  oil 96  candles. 

4.  Standard  English  Sperm  Candle,  approximately    •    .    .    •  1.0  candles. 


TABLBSOl. 

— Uitzliiiio  BxlfbtaMi  of  Vaxlou  UghX  BonnM. 

Nstionsl  Electric     '1 

Barrowi. 

lyei  *  Luckiesl 

1. 

l<amp                1 

AMOcistkm. 

G.  P.  per  8q.  In. 

C.  P.  per  8q.  In. 

C.  P.  p«r  Sq. 

C.  P.  per  8q.  In. 

of  nirtsce 

of  turfsec 

Mm.of  Bur- 

of  nirfsee 

of  light. 
600,000 

of  light 

fsce  of  light. 

of  lighL 

Sun  at  Zenith  .        .        .        .        * 

— 

-. 

6ou,ooo 

Crater,  carbon  arc    . 

aoOfOoo 

84,000 

130. 

Open  carbon  arc       ...        ■ 
Flaming  arc      .        .        .        .        • 

10,000-50,000 

— 

- 

5.000 

— 

- 

S.OOO 

Magnetite  arc  . 

— 

■♦'^^v 

6.2 

— 

Nernst  Glower 

800-1,000 

(115T.6  amp.  d.c.)  3,010 

4-7 

(1.5  w.p.c.)  3,aoo 

Tungsten  incandescent,  1.15  w.  p.  q- 

- 

- 

- 

1,000 

Tungsten  incandescent,  1.25  w.  p.  c- 

1,000 

1,000 

1.64 

875 

Tantalum  incandescent,  2.0  w.  p.  c 

750 

580 

0.9 

7SO 

Graphitized    carbon    filament,    3.5 

w.  p.  c 

625 

X 

1.2 

*^25 

Carbon  incandescent,  3.1  w.  p.  c.     . 

480 

0.75 

480 

Carbon  incandescent,  3.5  w.  p.  c 

375 

400 

0.63 

375 

Carbon  incandescent,  4.0  w.  p.  c.     . 

300 

3*5 

0.50 

- 

Inclosed  carbon  arc  (A.  c.) 
Inclosed  carbon  arc  (a.  c.) 

100-500 

- 

100-500 

- 

- 

- 

75-200 

Acetylene  flame  (i  ft.  burner)  . 

75-100 

53-0 

0.082 

75-100 

Acetylene  flame  (Ji  ft.  burner) 

- 

33-0 

0.057 

— 

Welsbach  mantle      .... 

20-25 

31.9 

0.048 

Jo-50 

Welsbach  (mesh)      .... 

- 

56.0 

0.067 

— 

Cooper  Hewitt  mercury  vapor  lamp 

16.7 

14.9 

0.023 

»7 

Kerosene  flame         .... 

4-8 

9.0 

0.0x4 

3-8 

Candle  flame 

3-4 

- 

^i 

Gas  flame  (fish  tail)  .... 

3-8 

2-7 

OJOOi 

3-8 

Frosted  incandescent  lamp       . 

4-8 

- 

a-S 

1  Moore  carbon-dioxide  tube  lamp 

0.6 

^ 

Z 

o.3-«-75 

Taken  from  Data^  191 1. 
TABLE   808.— Vlllllllltyot  WmtoLlCbti. 


Range. 

Candle  Power.                             1 

1 

2 

I  sea-n:ile=  1855  meters      .... 

0.47 

0.41 

2    **     " 

«  9 

1.6 

_        41        tl              ^ 

1 1.8 

10. 

^  Paterson  and  Dudding.  *  Deutsche  Seewarte. 

r  micro-calorie  through  i  cm.  at  i  m.  =0.034  sperm  candle  =  0.0385  Hefner  unit  (no  diaphragm)  =  0.043  Hefnff 
unit  (diap.  14  X  50  mm.).     Coblentz  Bui.  B.  of  S.,  11,  p.  87,  1914. 
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BRIGHTNESS  OF  BLACK  BODY.  CROVA  WAVE-LENGTH.  MECHANICAL  EQUIVALENT 
OF  LIGHT.  LUMINOUS   INTENSITY  ANQ  EFFICIENCY  OF  BLACK  BODY. 

The  values  of  L,  the  luminous  intensity,  are  given  in  light  watts/steroradian/cn^  of  radiating  surface 
■■  (x/ir)    r  °°  V\Ey^d\,  where  V^  is  the  visibility  of  radiation  function. 

Mechanical  equivalent.  The  unit  of  power  is  the  watt;  of  lumininous  flux,  the  lumen.  The  ratio  of  these  two  quan- 
tities for  light  of  maximum  visibility,  A  «  0.556  /i.  is  the  stimulus  coeificient  Vm;  its  reciprocal  is  the  (least)  mechanioil 
equivalent  of  light,  Le.,  least  since  applicable  to  radiation  of  maxunum  visibility.  A  better  term  is  "  luminous  equiva- 
Init  of  radiation  ot  maximum  visibility."  One  lumen  »o.ooi496  watts  (Hyde,  Forsythe,  Cady);  or  x  watt  of  radia- 
tion of  maximuok  visibility  (X  —  0.556  u)  »  668  lumens. 

White  light  has  sometimes  bee  1  de&nfd  as  that  emitted  by  a  black  body  at  6000**  K. 

The  Crova  wave-length  for  a  black  body  is  that  wave-length.  X,  at  which  the  luminous  intensity  varies  by  the 
same  fractional  part  that  the  total  luminous  mtensity  varies  for  the  same  change  in  temperature. 

Ev^^t  «5  lSl>t»  Radiant  Lamiaoas  Effldency  of  Black  Body.» 


Bright- 

Crova 

Mech. 

Temp. 

ne», 

wave- 

equiv. 

•K. 

candles 

length, 

watts 

per  cn^ 

M 

per/. 

1 700* 

S.x 

0.584 

0.00x478 

1750 

7.6 

0.583 

— 

1800 

XX. 3 

0.582 

0.00X49X 

X850 

x6.3 

0.581 

— 

X900 

23.x 

0.580 

0.00x498 

1950 

32.2 

0.579 

—' 

2000 

60.0 

0.578 

0.00x498 

2050 

0.577 

— 

2x00 

80.x 

0.576 

0.001497 

2x50 

105.7 

0.576 

—' 

2200 

137.6 

0.57s 

0.001496 

2250 

177. 

0.574 

— 

2300 

226. 

0.574 

0.001497 

2350 

284. 

O.S73 

— 

2400 

354- 

0.572 

0.00x497 

2450 

438. 

0.57a 

— 

2500 

537. 

0.571 

0.00x502 

2550 

^5»- 

0.570 

— 

2600 

78s. 

0.570 

O.OOX5XX 

2650 

939. 

0.569 

^^^ 

Mean 

0.001496 

■ 

r.  decrees 
aosolute. 

Luminous 

intensity 

L  watt/cm* 

Total  intensity 
(To  r«  watt/cm« 

Radiant 
luminous 
efficiency. 

1,200 
1.600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
3/xx) 
4,000 
5,000 
6,000 
7,000 
8,000 
10,000 

2.34  X  xo-» 

3. 45  X  io-« 

8.46  X  xo-« 
x.88  X  xo-» 
3.8s  X  xo-« 
7.34  Xxo-» 
1.32  X  xo"* 
2.26  X  xo-i 
3.69  X  lo-i 
5.79  X  xo-i 
8.77  Xxo-i 

4^66 

3.85X10     • 
X.36X10* 
3.26  Xxo» 
6.03  X  io» 

9.59  X  io» 
1.84  Xxo» 

3.762 
X.X89 

X.S15  X  10 
1.90s  X  xo 
2.36s  X  10 
2.903  X  xo 
3.529  X  10 
4.250  X  xo 
5.077  X  xo 
6.020  X  10 
7.087  Xio 
3.29X  X  10 
x.470  X  io» 
4.645  X  io« 
x .  X34  X  io» 
2.351  X  xo» 
4.356  X  xo» 
7.432  X  io» 
1.8x4  X  xo« 

.000006 

.000290 

.000558 

.000987 

.00x63 

.00253 

.00374 

.00532 

.00727 

.0096a 

.0x24 

.0x50 

.03x7 

.0829 

.1201 

.X386 

.1385 
.X290 
.10x4 

•  Hyde,  Forsythe,  Cady,  Phys.  Rev.  X3,  p.  45, 
19x9. 


*  Coblentz,  Emerson,  Bui.  Bureau  of  Standards,  14,  p.  255, 
X917. 


Note.  —  Minimum  energy  necessary  to  produce  the  sensation  of  light:   Ives,  38  X  xo~^;  Russdl,  7.7  X  io~^; 
Reeves,  19.5  X  io~*>;  Buisson,  12.6  X  io~i*  erg.  sec.    (Buisson,  J.  dt  Phys.  7,  68,  X917.) 


TABLE  806.  —  Color  of  Light  Emitted  by  Various  Sources.* 


Source. 


Sunlight 

Average  clear  sky 

Standard  candle 

Hefner  lamp 

Pentane  lamp 

Tungsten  glow  lamp,  x .  25  wpc 

Carbon  |iow  lamp,  3.8  wpc 

Nemst  glower,  x .  50  wpc 

N-fiUed  tungsten,  x  .00  wpc 


Color, 

percent 
white. 

Hue. 

100 

_ 

60 

472 

13 

593 

14 

593 

15 
35 

592 

588 

25 
31 
34 

592 
587 
586 

Source. 


N-filled  timgsten,  o.  50  wpc. . . 
N-filled  tungsten,  0.35  wpc.. . 

Mercury  vapor  arc 

Helium  tube 

Neon  tube 

Crater  of  carbon  arc,  x .  8  amp. 
Crater  of  carbon  arc,  3.2  amp. 
Crater  of  carbon  arc,  5.0  amp. 
Acetylene  flame  (flat) 


C<Jor, 

percent 

white. 


45 
53 
70 

n 

59 
62 

67 
36 


Hue. 


584 
490 
598 
60s 
585 
585 
583 
586 


*  Jones,  L.  A.,  Trans.  HL  Eng.  See.,  VoL  9  (1914). 
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Table  306. 
EFFICIENCY  OF  VARIOUS  ELECTRIC  LIQHT8. 


I 


Bryant  and  Hake,  Eng.  Exp.  StatioOy 
Univ.  of  in. 


Regenerative  d.-c,  series  arc 
Regenerative  d.-c.,  multiple  arc 
Magnetite  d.-c.,  series  arc 
Flame  arc,  d.-c.,  inclined  electrodes 
Mercury  arc,  d.-c.,  multiple 
Flame  arc,  d.^c,  inclined  electrodes 
Flame  arc,  d.-c,  vertical  electrodes 
Luminous  arc,  d.-c.,  multiple 
Open  arc,  d.-c.,  series 
Magnetite  arc,  d.-c.,  series 
Flame  arc,  a.-c.,  vertical  electrodes 
Flame  arc,  a.-c,  inclined  electrodes 
Open  arc,  d.^.,  series 
Tungsten  series 

Flame  arc,  a.-c,  inclined  electrodes 
Inclosed  arc,  d.-c,  series 
Luminous  arc,  d.-c,  multiple 
Tungsten,  multiple 
Nernst,  a.-c,  3-glower 
Nernst,  d.-c,  3-glower 
Inclosed  arc,  a.-c.,  series 
Inclosed  arc,  a.-c,  series 
Tantalum,  d.-c.,  multiple 
Tantalum,  a.-c,  multiple 
Carbon,  3.1  w.  p.  c,  multiple 
Carbon,  3.5  w.  p.  c,  series 
Carbon,  3.5  w.  p.  c,  multiple 
Inclosed  arc,  d.-c,  multiple 
Inclosed  arc,  d.-c.,  multiple 
Inclosed  arc,  a.-c,  multiple 
Inclosed  arc,  a.-c,  multiple 


Amperes. 


s-s 


1 0.0 

8.0 

8.0 

6.6 

9.6 

4.0 
1 0.0 
10.Q 

6.6 

6.6 

8.0 

6.6 

4.0 

0.54  s 
1.87 

1.87 


6!6 


6.6 

5.0 

3-5 
6.0 

4.0 


Terminal 
WatU. 


605 

385 
440 

440 

726 

480 

320 

467 

467 

325 

75 

374 

475 
440 

60 
414 
414 
480 
425 

40 

49.0 
210 

S6 
550 
38s 

,0 

5 


Lumens. 


1 1,670 
» 11,670 

7.370 
8,640 
4,400 
6,140 
6,140 

7»370 
5»02S 
2,870 
S»34o 
5»340 
2,920 
626 
3.910 

3*315 
2,870 

2,160 
2«i6o 
2,410 

2,020 
199 
199 
166 
626 
166 

".535 
1,030 

1,124 

688 


Kw-hoors 
for  100,000 
Lumen- 
hours. 


3-3o 
5.18 

7.16 

6.37 
15.92 

7.16 

7.16 

9.85 

9-55 
II. 15 

8.75 

8.75 
II. 15 

12.0 

9-55 
14.32 

15-32 
12.6 

19.2 
19.2 
19.9 
21.3 
21. 1 
21. 1 
29.9 
33-6 
33-7 
35-8 
374 

38-3 
41.4 


ToUl 

per  icx>,ooo 

Lumen-hours 

at  10  cts. 
per  Kw-hoor. 


0-339 
0.527 

0.729 

0.837 

0.89 

0.966 

0.966 

0.988 

1.079 

1.13 
1.275 

1.275 

1.305 
1.384 
1.405 

1-459 
1-547 

1.90 
2.05 

2-193 
2.31 

2.504 

3-24 
3-47 

384 

3.94 
4.265 


Ives,  Phya.  Rev.,  V,  p.  390,  191S 
(see  also  VI,  p.  33',  1915) ;  computed 
assuming  x  lumen  a  0.00159  watt. 

Commercial  Rating 

Lumens 
\i^tt. 

Luminous 
Watts  Flux 
-^  Watts  In- 
put or  True 

EflBciency. 

Open  flame  gas  burner 

Petroleum  lamp 

Acetylene 

Incandescent  gas  (low  pressure) 

Incandescent  gas  (high  pressure) 

Nernst  lamp 

Moore  nitrogen  vacuum  tube 

Carbon  incandescent  (treated  filament) 

Tungsten  incandescent  (vacuum) 

Carbon  arc,  open  arc 

Mazda,  type  C 

Mazda,  type  C 

Magnetite  arc,  series 

Glass  mercury  arc 

Quartz  mercury  arc 

Enclosed  white  flame  carbon  arc 
(1            •<        ti          tt        ti 

Open  arc      "        **      inclined 
ti      i<        It        it           tt 

Enclosed  yellow  flame  carbon  arc 

n                tt               tt             tt           tt 

Open  arc,    "    =      ««      ,  inclined 

U             ft      -         It                      tt                         tt 

Bray  6'  high  pressure 

1.0  liters  per  hour 

.350  lumens  per  B.  t.  u.  per  hr. 

.578  lumens  per  B.  t.  u.  per  hr. 

220-v.  60-cycle,  113  ft. 
4-watts  per  mean  hor.  C.  P. 
1.25  watts  per  hor.  C.  P. 
9.6  amp.  clear  globe 
500-watt  multiple  .7  w.  p.  c. 
600  C.  P.  -20  amp.  .5  w.  p.  c. 
6.6  amp.  direct  current 
40-70  volt;  3.5  amperes 
174-197  volt ;  4.2  amperes 
10  ampere,  A.  C. 
6.5  ampere,  D.  C. 
10  ampere,  A.  C. 
10  ampere,  D.  C. 
10  ampere,  A.  C. 
6.5  ampere,  D.  C. 
10  ampere,  A.  C. 
10  ampere,  D.  C. 

0.22 
.26 
.67 

1.2 

2.0 
4.8 

2.6 

8. 
1 1.8 

19.6 
21.6 

23- 

26.7 

35.5 
29. 

27.7 
31-4 
34.2 

41-5 
44-7 

0.00035 
,0004 
.0011 
.0019 
.0031 
.0076 
.0083 
.0041 
.013 
.019 
.024 
.031 

.034 
.036 

.067 
JO42 
.057 
.046 
.044 
.050 

.054 
.066 
.071 
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PHOTOGRAPHIC  DATA. 
TABLE  807.  —  Numerical  Constants  Characteristic  of  Photographic  Plates. 
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Abscissae  of  figure  are  log  £  «  log  /<  (meter- 
candles-seconds)  ; 

Ordinates  are  densities,  D  «  i/T  ; 

B  >=  ezpoeure  «  /  (iUuinination  in  meter<an- 
dies)  X  /  seconds; 

D,  the  density  of  deposit  >-  z/T,  where  T  is  the 
ratio  of  the  transmitted  to  incident  intensity  on  de- 
veloped plate. 

i  -•  inertia  -■  intercept  stxaight  line  portion  of 
curve  on  log  £  axis. 

S  "■  speed  «  (some  constant)/ 1;  7«  gamma « 
tangent  of  angle  a. 

L  >"  latitude-  projected  stral^t  line  portion  of 
characteristic  curve  on  log  £  axis,  expressed  in  ex- 
posure units  ->  Anti  log  (0  —  a). 

The  curve  illustrates  the  characteristic  curve  of  a 
phoU^paphic  plate. 


TmcAL  CHAXAcruisnc  Cusve  or  Photogsafhic  Plate. 


TABLE  808.  —  Relative  Speeds  of  Photographic  Materials. 

The  approximate  exposure  may  be  obtained  when  the  intensity  of  the  image  on  the  plate  is  known.  Let  L  be  the 
intensity  m  meter-candles;  E,  the  exposure  in  seconds;  P,  the  speed  number  from  the  following  table;  then  E  ~ 
I •350.000/ (L  X  P)  •  approximately. 


1 

Plate. 

Relative 
speed. 

Paper. 

Relative 
speed. 

Kxtremelv  hirii  soeed 

xoo,ooo 
7S,ooo 
60,000 
50,000 

2S.OOO 

-   xo,ooo 

3,000 

Fast  bromide 

xooo.o 
60.0 

6.5 
3.5 
1.0 

I.  25 

Hiith  soeed 

Slow  enlarging 

Medium  soeed 

Rapid  gas-light,  soft  grade 

Ranid  hiirh  contiTWt 

Menium  sp^^mI  high  contr^t  -  -  t 

Rapid  gas-light,  medium  contrasty 

Rapid  Ras-liffht,  contrMtv 

Process,  slow  contrast 

Tjinfpm  niate 

Professiona 

TABLE  309.  —  VariatiDn  of  Resolving  Power  with  Plate  and  Developer. 

The  resolving  power  is  expressed  as  the  number  of  lines  per  milliraeter  which  is  just  resolvable,  the  lines  being 
opaque  and  separated  by  spaces  of  the  same  width.  The  developer  used  for  the  comparison  of  plates  was  P^ro-soda; 
tneplate  for  the  comparison  of  developers,  Seed  Lantern.  The  numbers  are  all  in  the  same  units.  Huse,  J.  Opt.  Soc 
Amoica,  July,  1917- 


Plate. 
Resolving  power 

Albumen. 

125 

Resolution. 
81 

Process. 
67 

Lantern. 
62 

Medium 

speed. 

35 

High  speed. 
27 

Developer. 

Resolving 
power. 

Developer. 

Resolvmg 
power. 

Developer. 

Resolving 
power. 

Pyro-caustic 

Glvcin 

77 
69 
64 
64 
64 

63 
62 

Pyrocatechin 

62 
62 
61 
61 
57 
57 
54 

Amidol   

51 
50 

49 
40 

49 
47 

Pvro-mctol 

Process  hydroquinone. . 
Ortol 

Hydroquinone 

Pyro 

Eikon.-hydroquinone  . . 

Ferrous  oxalate 

Caustic  hydroquinone. . 
Eikonogen 

Rodmal 

UQ» 

X-ray  powders 

Edinol 

Metol 

^epera 

Kachin 

*« 
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Tables  SlO-«il. 

PHOTOGRAPHIC  DATA- 

TABLE  310.  —  Photogniiliic  Efficiencies  of  Vsrious  Lights. 


Source. 


Sun 

Sky 

AcetvlcDe 

(screened) 

Pentane 

Mercury  arc,  quartz 

"    ^Nultra"  glass... 

••         "    crown  glass 

Carbon  arc,  ordinary 

"       "    white  flame 

"       "    enclosed 

Carbon  arc,  "  Artisto" 

Magnetite  arc 

Carbon  glow-lamp 

Carbon  glow-lamp 

Tungsten  vacuum  lamp 

"        vacuum  lamp 

"        nitrogen  lamp 

"        nitrogen  lamp 

bluebulb 

blue  bulb 

Mercury  arc  (Cooper  Hewitt).. 


Visual 

efficiency. 

Lumens 

per 

watt. 


ISO 

0.7 
0.07 

0.04s 
40 

3S 
37 
12 

29 
9 

12 

x8 

3.16 
8 


9 

x6. 
ax. 

8. 


9 
6 

6 
9 

IX 
23 


Photographic  efficiency. 


(a) 


Ordinaiy 
I^te. 


xoo 

x8i 

30 

8x 

x8 

600 

2X8 

126 
257 
I7S 
796 
X06 

23 
25 
33 
37 
S6 

if 

108 
3x6 


Ortho- 
chromatic 
plate. 


100 

155 

44 

85 

a8 

Soo 

195 

275 

1x2 

234 

177 

X070 

"5 
32 

35 
41 

68 

99 
354 


Pan- 
chromatic 
plate. 


(6) 


Ordinary 
plate. 


100 

130 

52 

89 

367 
i6s 
249 
104 

215 
i6s 

744 
82 

42 
45 
SO 

S3 
70 

_76 

X06 
273 


I    IOC 


Ortho- 
chromatic 
plate. 


100 


0.X4 

0.  2X 

0.037 

0.040 

O.OS3 

0.086 

158 

132 

50 
79 

£ 

10 

XO 

52 

45 

XX 

XX 

62 

86 

xa 

14 

0.37 

0.52 

0.51 

0.74 

X.74 

2.2 

2.41 

3.0 

6.1 

6.8 

8.9 

9.8 

S| 

52 

7.8 

7.3 

47 

54-2 

Pan- 
chromatic 
plate. 


100 

0.24 

0.042 

O.X3 

99 
39 
62 

8.5 
2.0 

10 

60 

10 
0.68 
0.95 
2.7 
35 
7.7 
XX. o 

5.6 

7.9 
42 


(a)  Relative  efficiencies  based  on  equal  illumination. 

(b)  Relative  efficiencies  based  on  equal  enenry  density. 

Taken  from  Jones,  Hodgson,  Huse,  Tr.  III.  Eng.  Soc  10,  p.  963,  X9xs. 


TABLE  811.  —  Relative  Intensiflcstion  of  Vsrious  Intensifiers. 


Bleaching  solution. 

Blackening  solution. 

Reference 

Intensi- 
fication. 

Meicuric  bromide 

Amidol  developer 
Ammonia 

Amidol  developer 
Schlippe's  salt 
Sodimn  sulphide 

Sodium  stannate 
Sodium  stannate 

Sodium  sulphide 
Paraminopnenol  devdoper 

HgBn  solution  (Monckhoven 
sol.  A).» 

Bleach  according  to  Ben- 
nett; blackener.* 

Piper.* 

Debenham,  B.  J.,  f  p.  x86,  'xy. 

B.  T.  Almanac.* 

Desalme,  B.  J.,t  p.  2x5,  'xa. 

Ordinary  sepia  developer. 
Hgli  according  to  Bennett 

I. IS 

x.iS 

1.45 
2.  so 
2.28 
3.50 

2.05 
1.93 

1.33 
X.23 

Potassium    bichromate  +  hydro- 
chloric acid , 

Mercuric  Kxiide 

Lead  ferricyanide 

TJriLniixrn  formula 

Potassium    permanganate  -|-  hydro- 
chloric acid 

Cupric  chloride 

Potassium  ferricyanide  +  potassium 
bromide : 

Mercuric  iodide 

See  Nietz  and  Huse.  J.  Franklin  Inst.  March  ^.19x8. 

*  B.  J.  Almanac,  see  annual  Almanac  of  British  Journal  of  Photography. 

t  B.  J.  refers  to  British  Journal  of  Photography. 
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For  convenience  of  reference  the  values  of  the  wave-lengths  corresponding  to  the  Fraunhofer 
lines  usually  designated  by  the  letters  in  the  column  headed  "  index  letters,"  are  here  tabulated 
separately.  The  values  are  in  ten  millionths  of  a  millimeter,  on  the  supposition  that  the  D  line 
value  is  5896.155.  The  table  is  for  the  most  part  taken  from  RowIand^s  table  of  standard  wave- 
lengths. 


Index  Letter. 


a 

B 

CorH, 

a 
•    Di 
D, 
D, 

El 

Ea 
bi 
ba 

bg 

b4 
ForH 


^ 


d 
G'  or  H. 


Line  due  to  — 


o 
o 

o 

H 
O 
Na 
Na 
He 
Fe 
Ca 
Fe 
Mg 
Mg 
Fe 
Fe 
Fe 
Mg 
H 
Fe 
U 
Fe 


Wave-length  in 
centimeters  X  lo*. 


7621.28* 
7594.06* 
7164.725 
6870.182! 

6563.045 
6278.303  } 

5896.155 

5890.186 

5875.985 
5270.558 

5270.438 
5269.723 

5183.791 
5172.856 

5169.220 

5169.069 

5167.678 

5167.497 
4861.527 

4383-721 

4340.634 

4325.939 


Index  Letter. 


g 
horH^ 

H 

K 

L 

M 

N 
O 
P 

Q 


Si 

S2 

s 

T 
t 
U 


Line  due  to— 


Wave-length  in 
centimeters  X  zo'. 


1^^ 

4308.081 

Ca 

4307.907 

Ca 

4226.904 

H 

4102.000 

Ca 

3968.625 

Ca 

3933.825 

Fe 

382a  586 

Fe 

3727.778 

Fe 

3581.349 

Fe 

3441.155 

Fe 

3361.327 

Fe 

3286.898 

Ca 

3181.387 

Ca 

3179.453 

Fe 

3100.787 

Fe 

3100.430 

Fe 

3100.046 

Fe 

3047.725 

Fe 

3020.76 

Fe 

2994.53 

Fe 

2947.99 

*  The  two  lines  here  given  for  A  are  stated  bv  Rowland  to  be:  the  first^  a  line  "  beginning  at  the 
Ikead  of  A,  outside  ed^^";  the  second,  a  "single  line  beginning  at  the  tail  of  A." 

t  The  principal  line  in  the  head  of  B. 

i  Chief  line  in  the  a  group. 

See  Table  3a i,  Rowland's  Solar  Wave-lengthi  (foot  of  page)  for  correction  to  reduce  these  values 
to  standard  system  of  wave-lengths,  Table  3x4. 
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266  Tables  313-316. 

STANDARD  WAVE-LENGTHS. 

TABLE  SlS.^Absolute  Wave-length  *  of  Bed  Cadmium  Lino  in  Air,  760  mm. 


Preunre.   15*   G. 


6438.4722    Michelson,  Tiavaox  et  Mdm.  da  Bur.  intern,  des  Poids  et  Mesures,  1 1,  1895. 
6438.4700    Michelson,  corrected  by  Benoit,  Fabry,  Perot,  C.  R.  144,  1082,  1007. 
64384696    (accepted  primary  standard)  Benoit,  Fabry,  Perot,  C.  R.  144,  1082,  1907. 

«  InAogstrikos.    ioAQgit>0Bis=zMM=io-*om> 


TABLE  814.— Intonuitioikal  Beoonduy  Standards.    Iron  Arc  Lines  In  AngstrSma. 

Adopted  as  secondary  standards  at  the  International  Union  for  Cooperation  in  Solar  Research 
(transactions,  1910).  Means  of  measures  of  Fabry-Buisson  (i),  Pfund  (2),  and  Eversheim  (3).  Re- 
f erred  to  primary  standard  =  Cd.  line,  \  =  6438.4696  Angstroms  (serving  to  define  an  Angstrom). 
7S0  mm.,  15^  C.  Iron  rods,  7  mm.  diam.  length  of  arc,  o  mm.;  6  amp.  for  X  greater  than  4000 
Angstroms,  4  amp.  for  lesser  wave-leneths ;  continuous  current,  -|-  pole  above  the  — ,  220  volts; 
source  of  light,  2  mm.  at  arc's  center.    Lines  adopted  in  1910. 


Wave-length. 

Wave-length. 

Wave-length. 

Wave-length.      Wave-length. 

Wave-length. 

Wave-length. 

4282.408 

4315-089 

4375-934 

4427.314 
4466.556 

4494.572 

453»i55 

4547f53 
4592.658 

4602.947 

4647439 
4691.417 

4707.288 

4736.786 

4780.657 
4878.225 

4903-325 
4919.007 

5001.881 

5012.073 

5049-827 

5083.344 
51 10.41 5 

5167.492 
5192-363 

5371.495 

5405.780 

5434-527 
5455-614 
5497-522 
5506.784 

5569.633 
5586,772 

5615.661 
5658.836 
5763.013 
6027.059 
6065492 
6137.701 
6191.568 

6230.734 
6265.145 
6318.028 

6335-341 
6393-612 
6430.859 

6494-993 

TABLE  S15.— Intomational  Secondary  Standards.    Iron  Arc  Lines  in  Angitrdms. 
Adopted  in  1913.    (4)  Means  of  measures  of  Fabry-Buisson,  Pfund,  Bums  and  Eversheim. 


Wave-length. 

Wave-length. 

Wave-length.     Wave-length. 

Wave-length. 

Wave-length. 

1 
Wave4engtfa. 

3370.789 
3399-337 
3485-345 

3556.881 

3606.682 
3640.392 

3676.313 
3677.629 

3724.380 

3753.615 
3805.346 
3843.261 
38JO.820 
3865.527 

3906.482 

3907.937 
3935.818 

3977.746 
4021^72 

4076.642 
41 18.552 
4134.685 
4147.670 
4191.443 

4233.611 

5709.396 

6546.250 

6592.928 

,  6678.004 

6750.250 
5!57-759Ni 
5892^2  Ni 

(i)  Astrophysical  Journal,  28,  p.  169, 1908;  (2)  Ditto,  28,  p.  197, 1908;  (1)  Annalen  der  Physik,  30^ 
p.  815, 1909.  See  also  Eversheim,  iM.  36,  p,  1071,  1911 1  Buisson  et  Fabry,  $M,  38,  p.  245,  1912 ; 
(4)  Astrophysical  Journal,  39,  p.  93,  1914. 


TABLE  816.— Veon  Wave-Lengihs. 


In- 
tensity. 

Wave 
length. 

In. 
tensity. 

Wave 

length. 

In. 
tensity. 

Wave 
length. 

In- 
tensity. 

Wave 

length. 

In. 
tensity. 

Wave 
length. 

5 
6 
6 
6 
5 

4 
5 

6 

4 
4 

3369.904 
3417.906 

3447.705 
3454.197 
3460.526^ 

3464.340 
3466.581 
3472.578 
3498.067 
3501.218 

5 
8 

4 
4 
5 

5 

8 
7 
6 

4 

3515.192 

3520.474 
3593.526 

3593.634 
3600.170 

3633.664 
5330.779 
5341.096 
5400.562 

5764.419 

2 

10 
6 
8 

4 

4 
7 
8 
9 
5 

5820. iss 
5852.488 
5881.895 
5944-834 
5975.534 

6329.997 

6D74.338 
6096.163 
6143-062 

6163.594 

4 
7 
4 
8 
8 

10 
9 
4 
0 
8 

6217.280 

6266,495 
6304.789 
6334.428 
6382.991 

6402.245 
6506.528 

6532.883 
6598.953 
6678.276 

5 
8 

1 

8 

5 
8 

6 
6 
0 

6717.043 
6929.468 

7024.049 
7032.413 
7059. Ill 

7173.939 
7245.167 
7438.902 
7488.885 
7535.784 

International  Units  (Angstroms).    Burns,  Meggers,  Merrill,  Bull.  Bur.  Stds.  14,  765,  1918. 
Smithsonian  Tablcs. 


Table  317. 
TERTIARY  STANDARD  WAVE-LENGTHS.     IRON  ARC  LINES. 
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For  arc  conditions  see  Table  314,  p.  266.  For  lines  of  group  c  class  5  for  best 
results  the  slit  should  be  at  right  angles  to  the  arc  at  its  middle  point  and  the  current 
should  be  reversed  several  times  during  the  exposure* 


^Vave-lengths. 

Class. 

Inten- 
sity. 

Wave-lengths. 

Class. 

Inten- 
sity. 

1  VITave-lengths. 

Class. 

Inten- 
sity. 

«278l.840 

4 

4337.052 
4369-777 

?3 

5 

5332-909 

a4 

2 

♦2806.985 

7 

b3 

I 

5341-032 

a4 

5 

♦2831.559 

3 

4415.128 

bi 

1   5365.404 

ai 

2 

♦2858.341 

3 

4443.198 

b3 

3 

5405.780 

a 

6 

•2901.382 

4 

^461.658 

a3 

4 

5434-528 

a 

6 

♦2926.584 

5 

4480.746 
4q25.620 

a3 

3 

5473-913 

a 

4 

♦2986.460 

3. 

C4 

7 

5497-521 

a 

4 

♦3000453 

4 

4619.  i97 

C4 

4 

5501471 

a 

4 

•3053-070 

4 

4786.811 

C4 

i 

5506.784 

a 

3 

♦3100.838 

2 

4871-331 

C5 

J5535-4I9 
5563-612 

a 

2 

♦3154.202 

4 

4890.769 

C5 

7 

b 

3 

,       •3217.389 

4 

4924.773 

a 

3 

5975-352 
6027.059 

b 

2 

•3257-603 
•3307-238 

4 

4939685 

a 

3 

b 

3 

4 

4973-' '3 

a 

2 

606U95 
6136.624 

b 

4 

•3347.932 

4 

4994.133 

a 

3 

b 

5 

•3389.748 

3 

5041.076 

a 

3 

61 17-734 
6165.370 

b 

4 

•3476.705 

5 

5641.760 

a 

4 

b 

3 

•3506.502 

5 

5051.641 

a 

4 

6173.345 

b 

4 

•3553.741 

J 

5079.227 

a 

'   3 

6200.323 

b 

4 

♦3617.789 

6 

5079743 

a 

3 

6213.441 

b 

5 

♦3659.521 

1 

5098.702 

a 

4 

6219.290 

b 

1 

•3705.567 

6R 

5123.729 

a 

4 

6252.567 

b 

•3749-487 

8R 

5127.366 
5150.846 

a 

3 

6254.269 
6265.145 

b 

4 

♦3820.430 

8R 

a 

4 

b 

5 

•3859-913 

7R 

5151.917 

a 

3 

6297.802 

b 

4 

•3922.917 
♦3956.682 

6R 
6 

5194.950 
5202.341 

a 
a 

5 
5 

6335-342 
6430.859 

b 
b 

6 

1 

♦4009.718 

5 

5216.279 

a 

I 

6494.992 

b 

♦4062.451 
14132.063 

4 

5227.191 

a4 

bi 

7 

5242.495 

a 

t4>75-639 

b 

4 

5270.356 

a4 

14202.031 

bi 

71- 

5328.043 

ai 

7 

14250.791 

b2 

7 

5328.537 

M 

4 

*  Measures  of  Burns.  t  Means  of  St.  John  and  Bums. 

X  Means  of  St.  John  and  Goes.  Others  are  means  of  measures  by  all  three.  References  :  St.  John  and  Ware, 
Astrophysical  Journal,  36,  i<i\2\  38,  1913;  Burns,  Z.  f.  wissen.  Phot(M[.  13,  p.  207, 1013,  J.  de  Phys.  1913,  and  unpub- 
lished data;  Goos,  Astrophysical  Journal,  35,  191a;  37,  1913.  l^he  hnes  in  the  table  have  been  selected  from  the 
many  given  in  these  references  with  a  view  to  equal  distribution  and  where  possible  of  classes  a  and  6, 

For  class  and  pressure  shifts  see  Gale  and  Adams,  Astrophysical  Journal,  35,  p.  10,  191 2. 
Class  a:  "This  involves  the  well-known  flame  lines  (de  Watteville,  Phil.  Trans.  A  204,  p.  139. 
1904),  i.e.  the  lines  relatively  strengthened  in  low-temperature  sources,  such  as  the  flame  of  tne  arc, 
the  low-current  arc,  and  the  electric  furnace.  (Astrophysical  Journal,  24,  p.  185,  1906,  30,  p.  86, 
i909»  34,  p.  37»  191  If  35»  P- 185, 1912.)  The  lines  of  this  group  in  the  yellow-green  show  small  but 
definite  pressure  displacements,  the  mean  being  0.0036  Angstrom  per  atmosphere  in  the  arc." 
Class  b:  ^To  this  group  many  lines  belong;  in  fact  all  the  lines  of  moderate  displacement  under 
pressure  are  assigned  to  it  for  the  present.  These  are  bright  and  symmetrically  widened  under 
pressure,  and  show  mean  pressure  displacements  of  0.009  Angstrom  per  atmosphere  for  the  lines 
in  the  region  X  5975-6678  according  to  Gale  and  Adams.  Group  c,  contains  lines  showing  much 
larger  displacements.  The  numbers  in  the  class  column  have  the  following  meaning :  i,  sym^ 
metrically  reversed ;  2,  unsymmetrically  reversed  ;  3,  remain  bright  and  fairly  narrow  under  pres- 
sure; 4,  remain  bright  and  symmetrical  under  pressure  but  become  wide  and  diffuse  ;  5,  remain 
bright  and  are  widened  very  unsymmetrically  toward  the  red  under  pressure." 

For  further  measures  in  International  units  see  Kayser,  Bericht  iiber  den  gegenwartigen 
Stand  der  Wellenlangenmessungen,  International  Union  for  Cooperation  in  Solar  Research,  191 3. 
For  further  spectroscopic  data  see  Kayser's  Uandbu^h  der  Spectroscopic. 
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268  Table  SIS. 

REDUCTION  OF  WAVE-LENGTH  MEASURES  TO  STANDARD  CONDITIONS. 

The  international  wave-length  standards  are  measured  in  dry  air  at  15*  C,  76  cm  pressure.  Densi^  variatioos  of 
the  air  appreciably  afifect  the  absolute  wave-lengths  when  obtained  at  other  temperatures  and  pressures.  The  foBov- 
ing  tables  give  the  corrections  for  reducing  measures  to  standard  conditions,  viz.:  5  »  Xo(fM  -*  nt^)  id  —  d%)/d*  :a 
ten-thousandths  of  an  Angstrom,  when  the  temperature  /"  C,  the  pressure  B  in  cm  of  Hg,  and  the  wave-leDgth  X  fa 
Angstroms  are  given;  n  and  d  are  the  indices  of  refraction  and  densities,  respectively;  the  subscript  0  refers  to  stasdanj 
conditions,  none,  to  the  observed;  the  prime '  to  the  standard  wave-length,  none,  to  the  new  wave-length.  The  tabks 
were  constructed  for  the  correction  of  wave-length  measures  in  terms  oTthe  fundamental  standard  6438.4696  A  of  tfae 
cadmium  red  radiation  in  dry  air,  15"  C,  76  cm  pressure.  The  density  factor  is,  therefore,  zero  for  15*  C  aad 
76  cm,  and  the  correction  always  zero  for  X  ■>  6438  A.  As  an  example;  find  the  correction  required  for  X  when  meas- 
ured as  ^000.0000  A  in  air  at  25**  C  and  72  cm.  Section  (a)  of  table  gives  (</  —  <<o)/io  »  —.085  and  for  this  value  <A 
the  density  factor  section  {b)  gives  the  correction  to  X  of  —.0038  A.  Again,  if  X,  under  the  same  atmospheric  coodi- 
tions,  is  m^^ured  as  8000.0000  A  in  terms  of  a  standard  X'  of  wave-length  4000.000  A,  say.  the  measurement  tU 
require  a  correction  of  (0.0020  +  0.0008)  <■  -^-0028  A.  Taken  from  Meggers  and  Petexs,  Bulletin  Bureau  of  Staad- 
aras,  X4,  p.  728, 1918. 


TABLE  318  (a).  — 1000  X  (d-do)/do. 


■ 

Bern 

60.0 

62.  s 

65.0 

67. 5 

70 

71 

72 

73 

74 

75 

76 

77 

t 
78     , 

9'C 

—192 

-160 

-126 

-92 

-59 

-46 

-32 

-X9 

-s 

+8 

+22 

+35 

+48    . 

IX 

—  200 

-167 

—133 

—100 

-67 

-S3 

-40 

-27 

-13 

0 

+13 

+»7 

+40 

13 

-206 

—172 

-139 

-to6 
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The  following  figure  gives  graphically  the  poeltions  of  some  of  the  more  prominent  lines  in  the  spectra  of  some  oC 
i  dements.    Flame  spectra  are  mdicated  by  lines  in  the  lower  parts'of  the         ' 


Bpeuk  spectra  by  dotted  lines. 


panels,  arc  spectra  in  the  upper  parts,  and 
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I 
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(( 


(( 


Mg 
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I   I 
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■  '  ■ 
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I  . 


TkefoUomng  wave-lengths  are  in  Angstroms. 


Na 

5889.965 

Rb 

4202 

Cu 

4023 

Mg 

5x68 

5895.932 

42X6 

4063 

5173 

K 

4044 

5648 

5105.543* 

5184 

4047 

§724 

5153.251* 

5529 

5803 

6207 

52x8.202* 

Sn 

4525 

7668 

6299 

57o« 

5563 

7702 

Tl 

5351 

5782.090* 

5589 

Li 

4x32 

In 

4102 

5782.159* 

^     5799 

a6o3 
0x04 

45" 

Ag 

4055 

6453 

Hg 

4046.8 

42X2 

H 

3970 

6707.846* 

4078.1 

4669     ^ 

4x02 

Cs 

4555 

4358.3 

5209. o8x* 

4340 

4593 

4916.4 

5465.489* 

4861 

S664 

4959.7     . 

5472 
5623 

6563 

5945 

5460.742* 

He 

3187.743 

60ZX 

5769.598* 

Zn 

4680.138* 

3888.646 

62x3 
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4722. X64* 

4026.189 

6724 
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48x0.535* 

4471.477" 

6974 

6232 

4912 

4925 
6103 

4713.143 
49  V.  929 
50x5.67s 

For  other  elements. 

see  Kayser's  Handbudi 

1  der 

6362.345* 

5875.6x8 

Spectroscopie. 

J 

6678.x  49' 

•  Fabry  and  Perot. 

t  Merrill. 

7065. 188I 
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Table  no. 
SPECTRUM   LINES  OF  THE  ELEMENTS. 


Table  of  brighter  lines  only  abridged  from  more  extensive  table  compiled  from  Kay^er  and  containing  10,000  ha 
-    ndl  " 


(Kayser's  Handbuch  der  Spectroscopic,  Vol.  6,  igi2). 


Wave- 
lengths, 

Intensities. 

Wave- 
lengths, 

Intensities. 

1 
Wave- 
lengths, 

Intensitia 

inter- 
national 

Ele- 
ment. 

inter- 
national 

Ele- 
ment. 

inter- 
national 

Ele- 
ment. 

Ang- 
stroms. 
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Spark. 

Tube. 

Ang- 
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Spark. 

Tube. 
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Spark. 
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Nb 

IS 
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^^,^ 
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30 

40 
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V 

IS 

5 

^^ 
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I 

— 

— 

xo 
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Eu 

20 
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Pr 

IS 

10 

— 
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20 

— 
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5 
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xo 

15 

— 
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Ra 

30 

30 

— 
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Tb 

20 
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2S.3 
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15 

8 
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Eu 
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20 

— 

l?:S 

Br 
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I 
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— 

15 
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Rh 
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Rh 
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Tb 
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X2 
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10 
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Mg 
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10 
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Ny 
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30 
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Rh 
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Zr 

— 

15 
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88.52 

La 
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15 

5 
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38.29 

S 

— 

8 

10 
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8 
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Nb 

X2 

4 

— 
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30 
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Zr 
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X2 

' 
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xo 
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15 

8 
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Tm 

15 

10 

— 
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15 
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43.14 

Pr 

IS 

XO 

— 
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15 

IS 

— 
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45.12 
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— 

— 

10 

51.02 

CI 

10 

08.73 
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12 

8 

— 
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Zr 

XO 

15 

56.50 

Rh 

xo 

12 

— 

19.63 

Pb 

12 

xo 

'■ 

51.12 

Er 

IS 

4 

— 
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80.62 

Ra 

12 

10 

— 

I 

— 

10 

45.33 

0 

—' 

— 

10 

86.70 

La 

xo 

15 

— 
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41.04 

Pr 

12 

XO 

— 
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45.2 

Pb 



20 

— 

66.23 

Nb 

12 

— 

— 

og.78 

V 

15 

XO 

— 
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Wave- 
lengths, 

Inteoait) 

'• 

Wave- 
lengths, 

• 

Intensity. 

Wave- 
lengths, 

• 

Intensity. 

inter- 

Ele- 
ment. 

inter- 
national 

Ele- 
ment. 

inter- 
national 

Ele- 
ment. 

naiioDal 

• 

Ang- 
stroms. 

Arc 

Spark. 

Tube. 

Ang- 
gtroms. 

Arc 

Spark. 

Tube. 
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S135.08 

Lu 

15 

— 

60.84 

Oi 

15 

5 

— 

4510.15 

Pr 

12 

zo 

— 

56.20 

Sr 

30 

— 

— 

73-96 

Kt 

xo 
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Kr 

— 

— 

xo 

Eu 

20 

IS 

— 

64.5 

I 

— 

— 

10 

65.58 

Br 

— 

4 

xo 

66.65 

I 

— 

:o 

65.49 

^ 

30 

30 

— 

68.30 

0 

— 

— 

zo 

71.24 

X 

— 

— 

10 

76.69 

Lu 

30 

10 

— 

74-51 

Sc 

10 

X2 

— 

72.12 

Nb 

12 

10 

— 

76.91 

Ni 

12 

XO 

— 

74-81 

Rh 

15 

12 

— 

75-36 

Nb 

12 

8 

— * 

80.9s 
96.78 

Sr 

30 

XO 

— 

74.94 

Y 

15 

20 

— 

80.138 

Zn 

zo 

20 

— 

I 

— 

— 

XO 

79.24 

V 

30 

30 

^ 

80.74 

Em 

— 

— 

10 

5504.26 

Sr 

30 

— 

— 

79-77 

Zr 

10 

12 

— 

82.18 

Ra 

20 

15 

— 

06. 5Z 

Mo 

30 

IS 

— 

81.66 

Mo 

12 

6 

— 

87.80 

Zr 

7 

Z2 

— 

14.71 

W 

30 

30 

— 

82.8 

Se 

— 

8 

zo 

4704.93 

Br 

15 

10 

21.80 

Sr 

30 

—    ■ 

— 

83.55 

Fe 

10 

20 

— 

08.26 

I 

• 

10 

33.01 

Mo 

15 

12 

— 

84.73 

V 

20 

30 

— 

14.42 

Ni 

IS 

8 

— 

42.78 

Pd 

12 

— 

— 

86. Q 

Pb 

— 

20 

— 

22.164 

Zn 

XO 

20 

— 

56.49 

Ny 

15 

— ' 

— 

89.98 

V 

20 

20 

— 

22.54 

Bi 

10 

20 

— 

62.5^ 

Sn 

— 

30 

'— 

93.17 

X 

— 

— 

xo 

30.86 

Se 

— 

— 

ID 

70.46 

Mo 

15 

XO 

— — 

95.24 

V 

15 

xo 

— 

38.12 
85.49 

Tl 

— 

IS 



89.2 

Sa 

— 

30 

— 

95.74 

X 

— 

zo 

Br 

— 

13 

13 

5608.9 

Pb 

— 

13 

— 

98.03 

Y 

xo 

15 

— 

94.48 
4806.68 

CI 

— 

20 

13 

20.64 

As 

— 

— 

10 

4401 . 54 

Ni 

15 

^5 

— 

I 

— 

— 

zo 

25.64 

I 

— 



10 

04.75 

Fe 

8 

1$ 

— 

08.23 

I 

— 



13 

51.34 

As 

— 

— 

10 

08.50 

V 

15 

20 

— 

09.97 

CI 

— 

9 

zo 

62.93 

Y 

— 

12 

— 

08.83 

Pr 

12 

xo 

— 

10.534 

Zn 

zo 

20 

— 

70.05 

Pd 

IS 

— 

— 

10.09 

I 

— 

— 

xo 

XI.  83 

Sr 

IS 

8 

— 

98.54 

V 

15 

IS 

^ 

II. 71 

Mo 

12 

6 

— 

19.28 

Mo 

12 

— 

— 

5751.40 

Mo 

15 

— 

— 

ao.46 

Os 

15 

10 

— 

25.93 

Ra 

15 

10 

— 

99  4 

Sa 

— 

20 

— 

24.36 

Sm 

20 

xo 

— 

32.07 

Sr 

15 

6 

— '■ 

5813.63 

Ra 

— 

IS 

— 

29.23 

Pr 

15 

12 

— 

40.6 

Se 

— 

4 

zo 

52.49 

Ne 

— 

— 

15 

34-26 

I 

— 

xo 

44.32 

X 

— 

XO 

57.76 

Ni 

^S 

— 

— 

35  58 

Eu 

20 

30 

— 

44-8 

Se 

— 

6 

zo 

58.27 

Mo 

12 

8 

— 

37-23 

Nb 

12 

8 

— 

50.49 

I 

— 

— 

zo 

75.64 

He 

— 

— 

XO 

'    42.56 

Pt 

12 

5 

— 

54.89 

Y 

10 

15 

— 

88.33 

Mo 

IS 

zo 

— 

46.6 

F 

— 

20 

83.71 

Y 

13 

30 

— 

89.96 

Na 

30 

20 

— 

48.11 

X 

— 

— 

xo 

4900.13 

Y 

zo 

23 

— 

95. 93 

Mo 

^s 

10 

— 

SI- 56 

Nd 

XO 

Z5 

— 

XI. 7 

Zn 

10 

20 

95. 93 

Na 

30 

20 

— 

53.00 

I 

— 

10 

24.0 

Zn 

ZO 

20 

— 

5928.82 

Mo 

15 

IS 

— 

59-8 

Km 

— 

•w— 

xo 

57.41    i>y 

IS 



— 

6090.22 

V 

15 

IS 

— 

4462.21 

X 

^^« 

^^w 

20 

4963.37     Sr 

15 

^■^^ 

~ 

6z2i.8o 

H 

" 

10 

Note.  —  This  table,  somewhat  unsatisfactory  in  its  abridged  form,  is  included  with  -the  hope  to  occupv  its  space 
later  with  a  better  table;  e.g.,  no  mercury  lines  appear  since  the  scale  of  intensity  used  in  the  original  table  results 
in  the  intensity  of  all  mercuxy  lines  falling  below  toe  critical  value  used  in  this  table. 
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STANDARD   SOLAR   WAVE-LENQTHS.     ROWLAND'S   VALUES. 


,)>  in  air  al  20°  C  and  76  cm.  of  mercuTj  promrt 
1)  the  map,  10  1000  for  Ihe  H  uid  K  lines ;  bcr.i 
ore  and  more  difficult' to  see.    This  uble  coduj:. 


Wave-lengths  aie  in  AngstrSm  units  (10'' mr 
The  intensities  run  from  t,  just  clearly  visible 
I  in  order  of  faintness  10  0000  as  ihe  lines  are  i 
only  ihe  lines  above  5. 

N  indicates  a  line  not  clearly  defined,  probably  an  undissolved  multiple  tine ;  s,  a  faded  ippnr- 
ing  line :  d,  a  double.  In  the  "  substance  "  column,  where  two  ur  more  elements  arc  givri,  tIk 
line  is  compound  ;  the  order  in  which  they  are  given  indicates  (he  portion  of  ihe  line  due  to  ud 
element ;  when  the  solar  line  is  too  strong  to  be  due  wholly  to  the  element  given,  it  is  represtiHd 
-Fe,  for  eiamplc  ;  when  commas  separate  the  elements  instead  of  a  dash,  the  metallic  lines  a^ 
cide  with  the  same  part  of  the  solar  line,  Fe,  Cr,  for  example. 

'  Capital  letters  next  the  wave-length  numbers  are  the  ordinary  designations  of  the  lines.    A  ind.- 
cates  atmospheric  lines,  (wv),  due  to  water  vapor,  (O),  due  to  Oxygen. 


Wave- 

k„ph. 

'r^"- 

Wivclcnsth. 

SubMiDn 

sly. 

k-^h: 

Sub. 

,     6 

303751™ 

Fa 

loN 

3372947 

Ti-Pd 

lOd? 

3S33-34S 
3536-709 

Fe 

3047.725s 

Fe 

mN 

3380.722 

Ni 

6N 

l" 

7 

3053-5305 

7d> 

3414.911 

Ni 

'5 

3541-237 

Fc 

3054.439 

Mn,  Ni 

3423-843 

Ni 

7 

3541232 

Fe 

3057-5S" 

Ti.  Fe 

3433-715 

Ni.  Cr 

8d? 

3555-079 

Fe 

9 

3067,369s 

Fe 

344a762s  1  Q 

344'-'55s| 

3442.118 

Fe 

Fe 

S 

Fe 
Ti.- 

6Nd? 

Fe 
Mn 

'1 

3505^5355 

Fe 
Ni 

w 

Ti. - 

xa^ 

3444-020* 

Fe 

8N 

3570.273s 

Fe 

3083.145s 

Ti 

7d? 

3446-406 

Ni 

'5 

3572.014 

Ni 

6 

i:tir 

Ni,  Fe 

8 

3449.583 

Co 

6d? 

Se. - 

6 

-,  Fe 

6d? 

3453039 

.  Ni 

6dr 

Cr 

3*36.7033 

Ti 

7-V 

Ni 

s 

Fe 

30 

3139.170 

Ti 

7 

345T!8oi 

Ni 

s 

Fe 

6 

3*4J.(JS 

Ti.- 

S 

3465.950 

Co 

6 

Fe 

6 

l?A 

-,  Ni 

6 

3466,01  ss- 

Fe 

6 

Fe 

Cu 

476:849* 

Fe 

F« 

6 

3!  56.011 
3167.834s 

Fe? 

6 

Fe 

8 

Fe 

V 

6 

3483,923 

Ni 

6d? 

Co 

7 

3271,129 

Fe 

6 

3485-493 

FeCo 

6 

Ni 

6 

3271,79' 

Ti.  Fe 

6d? 

3490,733s 

.     Fe 

10  N 

Cr 

9 

3274.0969 
3277.482 

Ca 
Co-Fe 

7d? 

3493-'  '4 
497-98** 

Ni 
Fe 

10  N 

8 

Fe 
Ni 

6 
8 

32S6.898 

Fe 

7N 

3500,996s 

Ni 

6d> 

'^^ 

Cr 

7 

J*9S-9S" 

Fe.  Mn 

6 

3510466 

Ni 

8 

Fe 

6 

3302.510s 
33' 5-807 
3318.160a 

Na 

6 

3512.785 

Co 

6 

Fe 

Ni 

7d? 

35' 3-96? 
35'5-2o6 

Fe 

7 

361I881 

Ni 

6d? 

Ti 

6 

Ni 

3617-934" 

Fe 

6 

333'5,8?o 

Ni 

7 

35' 9-904 

N 

36[8.9i9a 

Fe 

M.K 

8N 

352 '.4 10s 

Fe 

8 

SKSl 

Ni 

S 

3349-597 

Ti 

7 

3524-677 
3526.183 
3526,988 

Ni 

Fe 

6' 

336" -337 

Ti 

S 

Fe 

6 

3622.147s 

Fe 

6 

'^r. 

Ni 

6 

Co 

6 

3631. 60SS 

Fe 

■i 

Ti,  Ni 

6df 

3529964 

Fe-Co 

6 

S'A'^ 

Cr-Fe 

3309-713 

Fe.  Ni 

6 

3533' 56 

Fe 

6 

Ti 

7 
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Wave.|=Dgth. 

SubniDcc 

•ii]r. 

W.»*.knglb. 

SubtUDce. 

lity. 

W.ve-l.Dph. 

s^^». 

'sr 

3647.98S3 

Fe 

ij 

3826.0278 

Fe 

ZO 

4045-975* 

Fe 

30 

365  ■■'47 

Fe,- 

6 

3827.9B0 

Fe 

8 

4055.7013 

Mn 

6 

307&4S7 

Fe 
K..C, 

I 

lOdf 

1 

Me 

Nf 
Mg 

6 
'5- 

4057.668 

Fe 
Fe-Mo 

7 

3684.258* 

Fe 
Ti 

1 

Fe 

Mg-C 

i 

407i.gb8s 
4077.885* 

Fe 
Sr 

'1 

Ti-Fe 

6 

31 

Fe-C 

4:o2.oooHB 

H..In 

40N 

3687.6103 

Fe 

6 

S 

Fe-Mi. 

4121.477s 

Ct-Co 

6d? 

3689.614 

Fe 

6 

S 

C-Co 

8d? 

4128.251 

Ce-V,- 

6d 

3701    234 

Fe 

8 

S 

Fe-Cr 

4J37.^ 
4144.038 

Fe-Co 

3705.7083 
3706.175 

Fe 

Ca,  Mn 

aS, 

i 

Fe 
Cr-C 

8 
6df 

Fe 

Fe 

6 
6 

'      3709-3893 

Fe 

8 

3 

Ni 

7 

Fe 

•i 

37"6-59'B 

Fe 

7 

3f 

Fe-C 

4167438 

37io.o84s 

Fe 

40 

3* 

Fe-C 

7 

4187.S04 

Fe 

6 

3732.6923 

Ni 

3* 

Fe 

6 

419' -595 
4202.1983 

Fe 

6 

3724.526 

Fe 

6 

3i 

Fe-C 

8 

Fe 

8 

3732-545'' 

Co-Fe 

6 

3* 

Fe 

yNd! 

4236.904Sg 

Ca 

20  df 

3733469s 

Fe- 

7d> 

3* 

Fe 

'5 

tw.' 

Fe 

6 

3735.014B 

Fe 

40 

3S 

Fb 

7 

Fe 

8 

1  3737-J8IS 

Fe 

36 

3i 

8d 

4250,287s 

Fe 

8 

3738-466 

6 

3f 

Fe 

7 

4250.9453 

Fe 

8 

3743-508 

Fe-Ti 

Fe 

6 
8 

3f.,    - 
3903.090 

Fe 
Cr,  Fe,  Mo 

8 

4254.505s 

Cr 
Fe 

8 

Fe 

6 

3904.023 

Sd 

4371.934s 

¥e 

15 

3748.408s 
3749-63's 

Fe 
Fe 

» 

y^^ 

Si 
Fe 

lo 

43oao8iisG 

Cr 
Fe 

jd? 

6 

3753-73* 
3758.375* 

Fe-Ti 

6d? 

3920.410 

Fe 

43^5-939* 

Fe 

S 

Fe 

,a, 

3923-054 
3928-075* 

Fe 

I2d? 

4340-634H.y 

H 

20N 

3tv^ 

Ti 

Fe 

8 

4376.1073 

Fe 

6 

Fe 

5 

393o_,5o 

Fe 

8 

43837203 

Fe 

'5 

3761-464 

Ti 

3933i2(»K 
3934.  loS 

8N 

4404.9373 

Fe 

37D3-945' 

Fe 

Ca 

44'5-*933 

Fe 

8 

3765-S9 

Fe 

6 

Co,  V-Cr 

8N 

4442.510 
4447-8923 

Fe 

6 

3767 .34 I i 

Fe 

8 

3944-160S 

Al 

'I 

Fe 

6 

377J7I7 

Ni 

7 

3956-819 

Fe 

4494-7383 

Fe 

6 

f& 

Ni 
Fe 

6 

i 

3961.674s 

Fe-Ca 
Al 

7d? 

45*8.798 

Fe 
Ti-Co 

8 
6 

379S.'47a 
3798.65SS 

Fe 

ii- 

-.Zt 

6N 

Ti-Co 

6d? 

Fe 

6 

Ca 

700 

4554.4113 

Ba 

8 

m 

Fe 

7 

6N 

j£;:;i? 

Ti- 

6 

Fe 

6 

3969^13 

Fe 

Fe 

6 

Mn-Fe 

8d? 

i» 

Co-Fe 

6d? 

4629.521s 

Ti-Co 

6 

^S', 

m. 

Ni 

6 

Fe 

6 

4679-0273 

Fe 

6 

V-Fe 

6 

8 

3986.903s 
4005.408 

Fe 

6 
7 

4703.177s 
4714.5993 

^ 

6 

Fe 

>5 

4030,918s 

Mn 

loa? 

4736-963 

Fe 

6 

Fe-C 

'i 

4033.2243 

Mn 

8d; 

47S4.225S 

Mn 

7 

3824.591 

Fe 

4034.644s 

Mn 

6d 

4783.6133 

Mn 

6 
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wi«-w.i.. 

•Hy. 

WlvE-l«Dtth 

S»b.UBee 

'5'"' 

W.«Jmgth. 

.^=.1^, 

a- 

4919. 1 74« 

H 

30 

5948,7653 

Si 

6 

6563*4SsC 

H 

» 

Fe 

6 
8 
6 

600878^ 

Fe 
Fe 

Fc 

6 
6 
6 

6593-1613 

fet 

Fe 
A(0) 
A{0) 

6 
6df 

6     1 

4930.685 

Fe 

g;ss 

Mr. 

6 

6868478  r 

A(0) 

6 

5050.00S 
5i67.497sbt 

Fe 

8 

Mn 

6 

6869.. 4M 

A(0) 

7 

Fe 

6 

6022.0ie£ 

Mn 

6 

6869.3533 

A(0| 

6     1 

Mg 

■I 

6024.2813 

F= 

7 

A(OJ 

5f- 

Fe 

6065.709s 

Fe 

7 

6870.249  (• 

A(0) 

Si72.85&b, 

Mg 

GC02-392S 

Fe 

6 

6871.1801 

AlO) 

8 

5iS379isbi 

Mg 

30 

□102,937s 

Ca 

6S7i.53» 
637*.^ 

A(0) 

lajis 

Fe 

7 

6108.334. 

Ni 

A(0) 

Fe 

6 

6122.434s 

Ca 

6°-    - - 

A(0 

&£" 

Fe 

8d? 

6136.829s 

Fe 

8 

61 

A(0) 

Fe 

6 

6137.915 
6141.938s 

Fe 

7 

61 

A(0) 

13 

is^r/ 

Fe 

7 

Fe,Ba 

7 

6i 

A(0). 

13 

Fe 

Sdl 

6155050 
6163.390I 

7 

6i 

A(0) 

13 

5340.111 

Fe 

6 

Ca 

■^ 

61 

A(0) 

S341Z13 

Fe 

7 

6169.1499 
6169.77S 

Ca 

6! 

A(0) 

367.669* 

Fe 

6 

Ca 

7 

6L-...,„ 

A(0) 

6 

370.1668 

Fe 

6 

6170.730 

Fe-Ni 

6 

6884J>76s 

A(0) 

3835783 

Fe 

6 

6191.393s 

Ni 

6 

688&0008 

A{0) 

397-34*1 

Fe 

7d? 

6191.7793 

Fe 

9 

68S6.990S 

A(OJ 

5405-989« 

Fe 

6 

6200. J275 
6213,15448 

Fe 

6 

6889.192s 

A(0) 

'3 

5424,290s 

Fe 

6 

Fe 

6 

6890.1519 

A|0) 

5429.9c  I 

Fe 

6d> 

6219.494s 

Te 

6 

6891.618s 

A(0) 

447- "30" 

Fe 

6d? 

6230.943s 

V-Fe 

8 

6897.^ 

A(0) 

IS 

S28.641S 

Mg 

8 

6246.5353 

Fe 

8 

A(0) 

5569-848 

Fe 

6252.7733 

-Fe 

7 

A(0) 

•5 

Fe 

6256.5729 

Ni-Fe 

6 

6900.199s 

A(0) 

U 

Fe 

6301.718 

Fe 

7 

6901.117s 

AiO) 

<S 

Si 

C» 

6318.239 

Fe 

6 

6904.362s 

A(0) 

'4 

Fe 

6335-554 

Fe 

6 

ES 

A(0) 

i-t 

Na 

6337  048 

Fe 

7 

A(0) 

'3 

i?6i:f;s 

Mg 

6358-898 

Fe 

6 

A(0) 

'3 

Fe 

* 

6393.8203 

Fe 

7 

69:3.448s 

A(0) 

«s 

Ca 

8 

6400.217s 

Fe 

8 

6914-337" 

MO) 

Fo 

6 

6411.8653 

Fc 

7 

69'8.37C« 

A<0) 

9 

589086SD, 

Na 

30 

6421.5709 

Fc 

5 

6919.250s 

A(0) 

9 

»l.^' 

Na 

6439-293* 

Ca 

6923.553* 

A(0) 

9 

A(wv) 

6 

6450.0339 

Ca 

6 

6924.4279 

A(0) 

6?. 

1;^^^ 

-,A{wv) 

6 

6494.004a 

Ca 

6 

7i9'-7SS 

A. - 

A(wv) 

6546;4799 

Fe 

8 

-.  A 

6 

S930.406S 

Fe 

6 

Ti-Fe 

6 

ij°  C,  pmiure  j6o  mm. ; 
Wnw-lene 
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In  the  spQCtra  of  many  elements  and  compounds  certain  lines  or  groups  of  lines  (doublets,  triplets,  etc.)  occur  in 
orderly  sequence,  each  series  with  definite  order  of  intensity  (gensrally  decreasing  with  decreasug  wave-length),  pres- 
sure effect,  Zeeman  effect,  etc    Such  series  generally  obey  approximately  a  law  of  the  form 

I       -  N 

""X^^'dH  +  A)** 

where  y  B  the  wave-number  in  vacuo  (reciprocal  of  the  wave-length  X)  generally  expressed  in  waves  per  cm;  m  is  a 
variable  integer,  each  mteger  giving  a  hne  ol  the  series;  L  is  the  wave  number  of  the  limit  of  the  series  (mi  -  » );  N, 
the  "  Universal  Series  Constant ":  and  /E  is  a  function  of  m,  or  a  constant  in  some  simple  cases. 

Balmer's  formuk  (1885)  results  if  L  -  JV/n*.  where  n  is  another  variable  integer  and  ^  -  o.  Rydberg's  formula 
C1889)  makes  R  a  constant,  and  L  is  not  known  to  be  connected  with  N.  Other  formdae  have  been  used  with  more 
success.  Mogendorff  (1906)  requires  R  <-  constant/M,  while  Ritz  (1903)  has  /{  -  constant/fM>.  OiUn  no  sunpla 
formula  fits  the  case;  either  R  must  be  a  more  complex  fimcUon  of  m,  or  the  shape  of  the  formula  is  incorrect. 

Bohr's  theory  (see  also  Table  s^s)  gives  for  Hydrogen 

iy  -  {7ir*me*iM  +m)\/Mlfi, 

where  e  and  m  are  the  charge  and  mass  of  an  electron,  M  the  atomic  weight,  and  k,  Pknck's  constant.  TBc  best  value 
for  N  is  109678.7  international  units  (Curtis,  Bine,  Astrophys.  J.  33.  ipxo).  The  theory  has  been  elaborated  by  Som- 
inerfeld  (Ann.  der  Phys.  19x6),  and  the  pzesent  mdications  are  that  iv  is  a  complex  function  varying  somewhat  from 
element  to  element. 

Among  the  sefies  (ol  singles,  doublets,  etc.).  there  is  apt  to  be  one  more  prominent,  its  lines  easily  reversible,  called 
the  principal  series,  P(m).  With  certain  relationships  to  this  there  may  be  two  subordinate  series,  the  first  generally 
diffuse,  Z>(ot),  knd  another.  S{m).  Related  to  these  there  is  at  times  another,  the  Bergmann  series  Bim).  m  b  the 
variable  int^^er  first  used  above  and  indicates  the  order  of  the  line. 

The  following  laws  are  in  general  true  among  these  series:  (i)  In  the  Pirn)  the  components  of  the  lines,  if  double, 
triple,  etc.,  are  doser  with  increasing  order;  in  the  subordinate  series  the  dbtance  of  the  components  (in  vibration 
number)  remains  constant.  (2)  Further,  in  two  related  Dim)  and  S(m),  Ay  (vibration  number  difference)  remains 
the  same.  (3)  The  limits  (L)  ot  the  subordinate  series,  D(m)  and  S(m),  are  the  same.  (4)  Ay  of  the  subordinate  series 
is  the  same  Av  as  for  the  first  pair  of  the  corresponding  Pirn).  (5)  The  limits  (L)  of  the  components  uf  the  doublets 
(triplets,  etc.)  of  the  P(m)  are  the  same.  (6)  The  difference  between  the  vibration  numbers  of  the  end  of  the  P{m) 
and  of  the  two  corresponding  subordinate  series  gives  the  vibration  number  of  the  first  term  of  the  P(m).  The  first 
line  of  the  Sim)  coincides  with  the  first  line  ot  the  Pirn)  (Rydberg-Sdiuster  law). 

In  the  spectrum  of  an  element  several  of  these  families  of  series  Pim),  D(m),  S(m),  Bim)  may  be  found.  For  fur- 
ther inform  ition  see  Baly's  Spectroscopy  and  Konen's  Das  Leuchten  der  Gasen,  19x3,  ixom  the  latter  of  which  is  taken 
the  following  tables,  based  greatly  upon  Dunz's  Die  Seri?ngetetze  der  Linienspektra,  Diss..  Ttlbingen,  19x1,  which 
has  also  appeared  in  book  form,  Hirsel,  Leipzig.  The  folbwmg  gives  a  schematic  arrangement  of  the  various  series  of 
a  family  m  accordance  with  some  of  tl:e  above  laws: 

Let  |jii,  a,  o>  -  N/{m  +  a  +  o/j*«)»;  VP(m)  -  («.  P.  '>;  VD(m)  -  |m.  d,  d)'  VS(m)  -  {m,  *,  <r)  and 
VB(m)  -•  (ot,  6,  /^;  V  originally  referred  to  the  variable  part  of  the  formula;  when  m  takes  a  spedfic  value, 
it  becomes  a  constant  term,  viz.  VS(i).  ^ 

Then  a  single  line  system  is*represented  as  foUowst  ^ 

P'(»)  -  VS'ii)  -  VP*(m); 
S'im)  -  VP'd)  -  VS'im); 

A  ^stem  of  double  lines  would  be  represented  as  follows: 

Pi'Cm)  -  VS'd)  -  VPi'(m); 
Pt'lm)  =  VS'd)  -  VPt'im); 
5i'C»)  -  FPi'(x)  -  VS'im); 
St'{m)  =  VPt'd)  -  VS'in:); 

And  similarly  for  a  series  of  triptlets,  etc. 

Series  Spectra  of  the  Elements.  —  The  ordinary  spcctnmi  of  B  contains  3  series  of  the  same  kind:  one  in  the;  Schu- 
mann region,  v  —  NO/i*  —  V»')f ».  2, 3  .  .  .;  one  in  the  visible,  v  «»  N(}/2*  —  */«').  «.  3.  f^,  S-  •  •;  and  one  in  the  infra- 
red, V  —  N{^/3*  —  Vw').  ».  4.  S»  6  .  .  .  He  has  three  systems  of  series,  one  *'  enhanced,    including  the  Pidcering  series 
formeriy  supposed  to  be  due  to  H.   The  next  two  tabl  :s  give  some  of  the  data  for  oth::r  elements. 


iy(m)  -  VP'd)  -  Viy{m); 
{B'(»)  -  Vl/ii)  -  VB'im)), 


Di'Cw)  -  VP^(i)  -  VD'im); 
Di'im)  -  VP^ii)  -  Viyim): 
iBi'im)  -  Viy(i)  -  VB'{m)); 
[Bt^im)  -  VLTii)  -  VB'im)). 


2jUU            l/(/6 
«                     « 

0.5a 

• 

QZjJL     A     • 

1 

21         3  4  5||oo|    PW 

11          0 

2 

3  415 

loo 

S(m) 

11         2 

3  415 

00 

D(m) 

1     234]^ 

Bcm 

5000    10000 

2000c 

)       '        30D00       ■  V 

Sisizs  SysTXM  or  Potassiuic. 
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TABLE  S13.  — Limit!  of  80ms  of  tho  SttiiM. 


ft(") 

-TJ 

a(") 

ft(=>) 

-Sil"! 

W-) 

ft(=>) 

-T=*> 

ac~) 

«(~j 

H 

48,764 

i»,i86 

•8.744 

>7-t.O 

.,.,86 

48.J44 

,j_^^ 

11,186 

-  1 

He 

11, KM 

38.4s) 

i  m'"i 

i,.»S 

— 

~ 

— 

— 

Li 

I 

- 

- 

4J^84 

..,«.. 

~ 

z 

" 

-  1 

K 

_ 

_ 

_ 

JJ.004 

X3M' 

— 

- 

— 

-  1 

Rb 

.  - 

- 

■- 

)3.MS 

SS 

I4J30 

— 

- 

— 

— 

Ct 

_ 

_ 

_ 

3I*J7 

M 

16.800 

- 

_ 

_ 

_ 

Cu 

- 

- 

- 

61.306 

\l% 

- 

- 

- 

- 

As 

- 

- 

- 

6-.0W 

"JSl 

- 

~ 

— 

- 1 

Mg 

- 

>6Ati 

- 

? 

? 

? 

K..467 

JSs" 

•3,707 

— 

C 

- 

>S,74S 

- 

- 

Sfii 

'S^29 

ir.jSi 

33,**3 
34.089 
34,141 
JI,orf 

i8,0J» 

17.605 

45.845  1 

Ba 

- 

- 

- 

- 

l.sa 

~ 

' 

' 

' 

4.*.' 

For  tht  Mr(«  a 
*48li>i«<tuivc 

Zn,  Cd,  Hg.  Al.  Sn.. 

"^'i^ 

™.os6  to  41'iliJ. 

! 

coinciding  with  the  fint  te....  ..  _,  ., ..  . 

"  -  wive-lengthi.    Which  ii  the  c 
Kcdinc  pugs.    The  vibnlioD 
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TABLE  325.  ~  Index  of  Refraction  of  GUss. 
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Indices  of  refraction  of  optical  glass  made  at  the  Bureau  of  Standards.  Correct  probably  to  0.0000Z.  The  com- 
position given  refers  to  the  raw  material  which  went  into  the  melts  and  does  not  therefore  refer  to  the  composition  of 
the  finished  glass. 


Melt. 

123 

241 

135 

zz6 

z88 

I5X 

X63 

76 

Wave-length. 

Ordinaiy 
crown. 

Borosili- 

cate 
crown. 

Barium 
flint. 

Light 

barium 

crown. 

Light 
flint. 

Dense 

barium 

crown. 

Medium 
flmt. 

Dense 
flint. 

Hg     4046.8 
Hg     4078.  z 
H       4340.7 

Hg     4358.6 
H       486Z.5 
Hg     49x6.4 

Hg     546Z.0 
Hg     5769.6 
Hg     5790.5 

Na     5893.3 
Hg     6234.6 
H       6563.0 

Li      6708.2 
K       7682.0 

1.53x89 
X. 53x47 
X.528Z8 

X. 52798 
z. 523 26 

z. 52283 

X. 51929 
X.5X77X 
1.5x760 

1.5x7x4 
1.5x573 
1.S1458 

1.5x4x2 
Z.5ZZ60 

X. 538x7 

X. 53775 
1.53468 

x.53450 
X. 53008 

X. 52967 

X. 52633 

X. 52484 
X. 52475 

X. 52430 

1.52297 

X. 52X88 

1.52x45 
X. 5x908 

x. 58851 
X.S879X 
X. 58327 

X. 58299 
X. 57646 

X. 57587 

1.57x05 
z . 56894 
1.5688Z 

Z.568Z9 

1.56634 
z . 56482 

X . 56423 

Z . 56ZOO 

X. 59x37 
X. 59084 
X. 58698 

z. 58674 
Z.5812Z 
Z.5807Z 

X. 57657 
X. 57473 
X. 57460 

Z.57406 
1.57242 
1.57x07 

• 

X. 57054 
z. 56762 

z . 60507 
X. 60430 
X. 59860 

X. 59826 
X . 59029 
X. 58958 

z. 58380 
X.58Z28 
z.58rz3 

I . 58038 
z. 57818 
X. 57638 

I . 57567 
I . 57183 

X. 63675 
z. 63619 

Z.63Z89 

z. 63163 
z . 63548 
z . 62492 

z .  62033 
Z.6Z839 
z.6z8z7 

Z.6Z756 
Z.6Z576 
Z.6Z437 

z . 61369 
Z.6Z047 

z. 65788 
z. 65693 
X. 64973 

Z.6493X 
X. 63941 
X. 63854 

I. 63143 
z . 63834 
z. 63815 

z. 62725 
z . 62458 
X. 62241 

1.62x57 
Z.6Z70Z 

1. 69605 
z. 68894 
1 . 68079 

z . 68030 
Z.669ZZ 
Z.668Z4 

z .  66oz6 
z. 65671 
z . 65650 

z. 65548 
z. 65 250 
z . 65007 

z. 64913 
I . 64405 

(Percentage  composition)                                                                            1 

SiOt 

NtuO 

KK) 

Wk 

BaO 

ZbO 

AsiOk 

CaO 

PbO 

SbiOs 

67.0 

Z2.b 

5.0 

35 
Z0.6 

X.5 
0.4 

64.2 

It 

zz.o 
6.1 

0.4 
r.o 

53.7 

X.7 
8.3 
2.7 
14.3 
2.5 

x677 

48.0 
2.0 
6.Z 
4.0 

29- 5 
zo.o 

X.4 

53.9 

I.O 

7.6 

0.3 

3.0 

35-2 

37.0 

2.7 

SO 

47.0 

7-7 

45.6 

3-4 
4X 

30 
44.0 

390 
30 
4.0 

4.0 

49.0 

z.o 

TABLE  326.  —  Dispersion  of  GUsses  of  Table  326. 


Mdt. 

123 

241 

X35 

zz6 

z88 

X5X 

Z63 

76 

n^  —  ♦»<? 
»J)  —  X 

=  V 

^F        *C       • 
»D  —  », 

X. 5x7x4 
0.00868 

59.6 

o.oo6z3 
0.00493 
0.00356 

X. 52430 
0.00820 

63.9 

0.00578 
0.00460 
0.00343 

Z.568Z9 
O.OZ164 

48.8 

0.00837 
0.00681 

0.00337 

z.57406 
0.0Z014 

56.6 

0.0071S 
0.00577 
0.00299 

I . 58038 
0.OZ39X 

4X.7 

0.0099Z 
0.0083Z 
0.00400 

X. 61756 

O.OZZ2Z 

55.x 

0.00792 
0.00641 
0.00339 

z. 63735 
O.OZ700 

36.9 

O.OZ3l6 

0.01033 
0.00484 

z. 65548 
O.OZ904 

34.4 

O.OZ363 
0.01168 
0.0054Z 
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Tables  m-SM. 
SPECTRUM  SERIES. 

TABLE  323.  — Limits  of  Some  of  the  Series. 


Pi(«) 

Diico) 
-5i(a>) 

Bi(oo) 

Pt(») 

Ihico) 
-5i(oo) 

Bt(co) 

/»«(») 

-5.(00) 

&(») 

H 

48,764 

27,429 

xa,x86 

48,764 

27,419 

I2,x86 

48,744 

27,429 

12.1? 

He 

32,031 

37,173 

X2,204 

38,453 

r  29,221 

\  20,222 

28,581 

X2,ao8 

— 

— 

— 

Li 

— 

— 

— 

43,484 

X  2,202 

— 

— 

— 

Na 

— 

— 

— 

♦4X,445 

124,489 

12,274 

— 

— 

- 

K 

— 

— 

— 

35,006 

/  2X,963 
22,020 

13r471 

— 

— 

- 

Rb 

•   — 

— 

• 

33,685 

I  20,868 
1  2X,xo6 

14.330 

— 

— 

a 

— 

— 

31,407 

/ 19,674 

20,228 

16,809 
X  6,907 

— 

Cu 

— 

— 

— 

62,306 

(31,523 

131,771 

12J72 

12,366 

— 

— 

Ag 

« 

— . 

— 

61,093 

30,621 

131,542 

12,351 

— 

— 

39,752 

Mg 

•^~ 

26,6x3 

~^~ 

? 

? 

? 

20,467 

1 

39,793 
,  39,813 

J 

Ca 

— 

27,510 

— 

? 

60)046 

28,929 

17,761 

« 

33,983 
34,089 

34,142 

Sr 

« 

25,745 

— 

• 

55,029 
55,830 

— 

— 

31,026  1 

31,420 

31,607 

Ba 

-^ 

— 

— 

^— 

49,926 
1.51,616 

— 

? 

? 

1 

• 

For  the  series  of  Zn.  Cd,  Hg,  Al,  Sn.  1 

n,  0,  S.  Sn, 
series  from 

see  original  referent.! 

*  48  lines  have  been  measured  in  tlus 

16,956  to  41,417. 

TABLE  324.-^  First  Terms  of  Some  of  the  Series.    Vibration  Nombei 

A^,  and  Triidets  Avi,  Ay%^ 


For  the  P{m)  and  the  S  (m)  is  given  only  the  first  or  second  term,  since  the  term  with 
coinciding  with  the  first  term  of  the  5(m)  or  P{m)  respectively.  Conseauently  the  nui. 
greater  to  smaller  wave-lengths.  Which  is  the  common  line  can  always  be  recognized  fr 
See  figure  on  the  preceding  page.    The  vibration  differences  can  be  obtained  from  Table  .^ 


P(i) 

^(1) 

Six) 

B{i) 

PCi) 

D{t) 

5(1) 

B{i) 

H 

21,334 

15,233 

937X 

5332 

[6654 

26,106 

19,346 

1 

He 

4,857 

13,970 

13,729 

534^ 

Mg 

6650 

26,086 

19,326 

6,720 

(17,114 
1 17,118 

14,149 

5351 

,6650 

26,045 

19,28s 

9,231 

14,148 

Ca 

20,49s 

19,828 

— 

( 

Li 

14,903 
/  16,973 

16,379 

12,301 

5347 

11,763 

25,414 

22,153 

Na 

12,215 

7,7«2 

5416 

11,541 

25,191 

— 

( 

16,956 

12,198 

7.766 

S036 

5,0x9 

i6,38x 

2X,834 

K 

13.043 
1 12,985 

8,552 
8,493 

8,040 
7,983 

6592 

5020 
,50x2 

5,125 
5,177 

16,329 

x6,223 

21,820 
21,799 

.V 

Rb 
Cs 
Cu 

Ag 

Mg 

X  2,8x7 
\  12,579 
/ 11,733 

xx,X78 

J  30.783 
1 30,535 
/  30,472 

1 30.551 

35,760 
35.668 

4 

6,776 
6.538 
3,32X 

2,767 
19,158 
19,151 
19,191 
18,271 
11.352 
35,831 
35.739 

7,552 
7,315 
7,357 
6,803 
X2,6ox 

12,352 

13,003 
12,083 

34.135 
34,043 

7437 

9972 
987s 

5495 
5439 

Sr 
Ba 

— 

19,390 
9,959 
9,159 
3,842 

3.655 

3,260 

12,176 

10.493 

23,715 
23,518 

14,72X 
14.533 
14,139 
21,952 

20,26X 

20,591 
20,S33 
20,43  5 

13 -So  I 
13.";.^ 
12.64  c 
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UML-  m    t 


*  ••, 


>  I  h 


4 
(« 

M 
U 


RN 


J 


-JM 

L 
L 

-3.8s 

L 

-3.82 

L 



8. 

1 

Ann.  60, 1897. 

Obser- 

«. 

ver. 

J 627 26 

P 

^6276 

W 

^  608  58 

p 

46092 

w 

.45672 

p 

•  45673 

w 

!  449>9 

p 

1. 4494 1 

w 

I  44346 

p 

1.44385 

w 

1.43722 

p 

I  42617 

(» 

1. 4 » 403 

t< 

1.3882 

RN 

1-369 

" 

/a      ,       ^8 

-Aa»"*  Xja— X« 

3.866619 

^5569-7«5 

=3292.47 

(P) 

under  Table  33 1 » above. 


278  Tables  327-329.  INDEX  OF  REFRACTION  FOR  GLASS. 

TABLB  S27.  -OUsMi  Mftdt  toy  Sobott  and  Ctan,  Jana. 

The  following  constants  are  for  glasses  made  by  Schott  and  Gen,  Jena:  nx,  ffct  ^Di  »p»  fih  sue 
the  indices  of  refraction  in  air  for  A=o.y6S2fi,  0=0.6563^  0=0.5893,  F=o.486i,  (y =04341. 
v===(«0 — i)/{nr — «c).  Ultra-violet  indices:  Simon,  Wied.  Ann.  53,  1894,  Infra-red:  Rubens, 
Wied.  Ann.  45,  1892.  Table  is  revised  from  Landolt,  Bomstein  and  Meyerhoffer,  Kayser,  Hand- 
buch  der  Spectroscopie,  and  Schott  and  Gen*s  list  No.  751,  4909.  See' also  Hovestadt*s  ^'Jeiia 
Glass." 


Catalogue  Type  = 

1 
0  546        '          0  381          1          0  X84 

0  103 

0x65 

S57 

Designation     = 

Zi„c.C™.„.I^H^t"cSj-__. 

Light  Silicate 
Flint. 

Heavy  Silicate 
Flint. 

Heavy  Silicate 
Flint. 

Heaviesc  Sili- 
cate FUaL     j 

Melting  Number= 

1092 

115X 

45 » 

469 

500 

x6j 

V              = 

60.7 

51.8 

41.1 

33-7 

37.6 

33.3 

.   f    Cd  0.8763/* 

1.56759 

^ 

„ 

^ 

^ 

^^ 

1 

Cd    .2837 

«-5637» 

- 

- 

- 

.- 

- 

Cd    .2980 

»-557a3 

»•  57093 

1-65397 

- 

- 

- 

«) 

Cd    .3403 

«  54369 

x.55a6a 

X.63320 

1.7x968 

1.85487 

- 

i 

Cd    .3610 

"53897 

1.54664 

X.61388 

1.70536 

1.83363 

— 

H      .4340** 

1.52788 

>-533«» 

« -593 5 5 

1.67561 

X.78800 

x-94493 

tJ 

H      .4861 

»•  52*99 

X-527X5 

1.56515 

1.66367 

1. 77091 

X.91890 

e  . 

If 

Na    .5893 

1.5x698 

1.53009 

>■  575*4 

1.64985 

»-75«30 

1.88995 

*•• 

H      .6563 

I.5M46 

x.^i7ia 

1.57x19 

1.64440 

X.74368 

1.87893 

K      .768a* 

I -5  "43 

1.5x368 

X.56669 

1.63820 

'.73530 

1.86703 

•J 

.Boom 

1.5103 

X.513X 

>S659 

1.6373 

"■7339 

1.8650 

0 

X.200 

1.5048 

X.5069 

'.5585 

1.6277 

1.7215 

1.8481 

C 

X.600 

X.S008 

1.5024 

»-5515 

1.6217 

1.7x51 

1.8396 

i2 

a.ooo 

1-4967 

J-4973 

X.5487 

1.6171 

1.7x04 

1.8316         1 

t        2.400 

^ 

^ 

1.5440 

1.613X 

■• 

i.8a86 

Percentage  composition  of  the  above  glasses : 

0  546,  Si02,  65.4;  K2O,  15.0;  NaaO,  5.0;  BaO,  9.^ 

>;  ZnO,  2.0; 

MnaOg,  O.I ;  AsaOs.  04;    ,  | 

BaOg.  2.5. 

0  381,  SiOj,  68.7  ;  PbO,  13.3;  Na^O,  15.7;  ZnO,  2.0;  MnOs,  o.i ;  AsgOs,  0.2 

• 

0  184.  SiOj,  53.7  ;  PbO,  36.0;  K2O,  8.3;  NasO,  i.< 

9;  MnaOs,  0.06;  AsaOs,  0. 

3- 

0  102,  SiOa,  40.0;  PbO,  52.6;  KjO,  6.5;  Na-iO,  0. 

5;  MnaOg,  0.09;  AS2O5,  0., 

3- 

0  165,  SiOa,  29.26;  PbO,  67.5;  K2O,  3.0;  MnaOs, 

0.04;  AsaOsi 

0.2. 

S  57,     SiOa,  21.9;  PbO,  78.0;  AsaOs,  o.i. 

TABLE  8S8.>- Jena  OUmm. 


No.  and  Type  of  Jena  Glasa. 


O  225  Light  phosphate  crown 
O  802  Boro-silicate  crown  .  . 
UV  3199  Ultra-violet  crown  . 
O  227  Barium-silicate  crown  . 
O  1 14  Soft-silicate  crown  .  . 
O  608  HiRh-dispersion  crown 
UV  3248  Ultra-violet  flint  .  . 
O38X  H igh-dispersion  crown 
O  602  Baryt  light  flint  .  .  . 
S  389  Borate  flint  .  .  .  . 
O  726  Extra  light  flint  .  .  . 
O  154  Ordinary  light  flint  .  . 
O184        "  ^*      "      .     . 

O  748  Baryt  flint 

O  loa  Heavy  flint     .     .    .    . 

O4X         "        " 

0x65       "        •♦.... 

S  386  Heavy  flint 

S  57  Heaviest  flint     .    .    .     . 


n^  for  D 


•  5«59 
1.4967 

»-5035 
»-5399 
1.5151 

X.S149 

I  533* 
X.5263 
1.5676 
1.5686 
1.5398 
1.5710 
X.5900 
1.6235 
X.6489 
X.7I74 

«-754« 

1. 9170 

X.9626 


«»— «, 


.00737 
0765 
0781 

0909 
0910 

0943 
0964 
X026 
1072 
1102 
114a 

1327 
X438 

»599 
1919 

2434 

»743 
4289 
4882 


V^: 


70.0 
64.9 
64.4 

59-4 
56.6 
54.6 
55.4 
5»-3 
53.0 
51.6 

47-3 
43.0 
41.1 
39.x 
33.8 
a9-5 

27.5 
31.4 
19.7 


.00485 
0504 

0514 
0582 

0577 

0595 
061X 

0644 

0675 

07x2 

07XX 

0819 

0882 

9965 
1x52 

«439 
1607 

a45« 

3767 


"r  **D 


.00515 

0534 
0546 
0639 
0642 
0666 
0680 
0727 
0759 

0775 
0810 

0943 
X022 
X143 
137* 
1749 
«974 
3«o9 
3547 


•o* 


'Speafic 
Weight. 


.00407 
0423 
043* 
05 '4 
0521 

0543 

0553 
0596 

06x8 
0639 
0669 
079  X 
0861 
0965 
1180 

i5»i 
X730 
3808 

3»5» 


3.58 

3.38 
3.41 
»-73 

a  55 

3.60 

a.75 
3.70 
3,12 
3.83 
3.87 
3.16 
3.38 
3.67 
3.87 

4-49 
4.78 
6.01 

6.33 


TABLE  SSS.-Olumge  of  InAlOM  of  Rtfractlon  for  lo  0  In  UiUta  of  tbo  FUtli  Doelaul  Plaoo. 


No.  and  Designation. 

Mean 
Temp. 

C 

D 

F 

C 

—Am 
100 

n 

S  57  Heavy  silicate  flint     .    .    . 
0  154  Light  silicate  flint  '  .    .    . 
0  337  Barvt  flint  light    .... 
0  335  Light  phosphate  crown 

58.8° 
58.4 
58.3 
58.1 

X.304 

o.aa^ 

.—0.008 

—0.203 

'•447 
o.a6i 

0.0x4 

— 0.190 

3.090 

0.334 
0.080 

— 0.168 

* 
3.810 

0.407 

0.137 

— 0.143 

ox»66 
0.0078 
0.0079 
0.0049 

Smithsonian  Tables. 


Polfrich,  Wied.  Ann.  45,  p.  609,  1893. 


Tables  330-332.  INDEX  OF  REFRACTION. 
TABLB  880.  -lAdnof  RtCrtottanof  BoekStltln  Air. 
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a(m). 

n. 

Obser- 
ver. 

A(Ai). 

it. 

Obser- 
ver. 

Mm). 

n. 

Obstf. 
ver. 

0.185409 

1.89348 

M 

0.88396 

1.534011 

•   i 

L 

5-8932 

I.516014 

P 

.204470 

1.76964 

(• 

.972298 

1-532532 

" 

(t 

1-515553 

L 

.291368 

1. 61 325 

(t 

.98220 

1-532435 

P 

6.4825 

I.513628 

P 

.358702 

1-57932 

(4 

1.036758 

1.531702 

L 

*( 

1. 51 3467 

L 

.441587 

1.55962 

<4 

1. 1786 

1.530372 

P 

7.0718 

1.51 1062 

P 

.486149 

1.55338^ 

« 

" 

1.530374 

L 

7.6611 

1.508^18 
1.506804 

M 

M 

1.553406 

L 

1-555137 
I.76& 

1. 5282 1 1 

(t 

Z'?558 

t< 

M 

1-553399 

P 

1.527440 

P 

8.8308 
10.0184 

1.502035 

U 

.58902   • 

1.544340 

.  L 

tt 

I.52744I 

L 

1.494722 

li 

656304 

1-544313 

P 

2.073516 

1.526554 
1.525863 

tt 

1 1 .7864 

I.481816 

(t 

1.540672 

P 

2.35728 

P 

12.9650 

1.47 1720 

«t 

t< 

1.540702 

L 

tt 

1.525849 

L 

14,1436 

1.460547 

it 

.706548 

1538633 

P 

2.9466 

1.524534 

P 

14-7330 

1.454404 

M    • 

.766529 

1.536712 

P 

3-5359 

1.523173 
I.521648 

(i 

153223 
15.9116 

1.447494 

it 

.76824 

1.53666 

M 

4.1252 

P 

I.441032 

« 

.78576 

1.536138 

P 

(* 

I.521625 
I.518978 

L 

2057 

1-3735 

RN 

.88396 

1. 53401 1 

P 

5.0092 

P 

22.3 

1.340 

ft 

«2=rta-j- 


Mi 


,+ 


Afa 


where  ^2= 2.330 165 
il/i=o.oi  278685 
Ai2=o.oi4850o 
^^2=0.005343924 


-->&X2— //A*  or=l^-\- 


Afi 


+ 


M2 


Mz 


K^  -  Ai2  ^  A«— Ai'      As^  —  A^ 

X2'  =  0.025474 1 4  ^2=  5.680137 

/&  =  0.0009285837  i^/8=  12059.95 

h = 0.000000286086  As* = 3600.  ( P) 


TABLE  881.-  —  Olumge  of  iBdn  of  Rifraotton  tor  !<>  0  In  Unlti  of  tbo  hth.  Deolmal  PUoo. 


0.202/4 

+3-134 

Mi 



O.44IM 

—3-425 

Mi 

Cline 

—3-749 

PI 

0.760/i 

q:y 

L 

.210 

+  1.570 

t< 

.508 

—3-517 

t( 

D  " 

—3-739 

•( 

1.368 
1.88 

L 

.224 

—0,187 

M 

•643 

3-636 

t( 

p  1* 

(« 

-3.85 

L 

.298 

—2.727 

(t 

G'  " 

-3.585 

tt 

4-3 

-3.82 

L 

L    Annals  of  the  Astrophysical   Observatory 
of  the  Smithsonian  Institution^  Vol.  I,  1900. 
M   Martens,  Ann.  d.  Phys.  6»  1901,  8,  1902. 
Mi  Micheli,  Ann.  d.  Phys.  7,  1902. 


P      Paschen,  Wied.  Ann.  26,  1908, 

PI     Pulfrich,  Wied.  Ann.  45,  1892. 

RN  Rubens  and  Nichols,  Wied.  Ann.  60, 1897. 


TABLE  888.  —  Bidiz  of  RobrBOtton  of  SUvIbo  (Potaisliim  OUortAo)  In  Air. 


a(m). 

n 

Obser- 
ver. 

A(»i). 

n. 

Obser- 
ver. 

^(m). 

it. 

Obser- 
ver. 

ai85409 

1. 827 10 

M 

1.1786 

1. 478311 

P 

8.2505 

1.462726 

P 

.200090 

1.71870 

tt 

tt 

1.47824 

W 

tt 

1.46276 

w 

.21940 

1.64745 

" 

1.7680 

1.475890 

P 

8.8398 

1.460858 

p 

•257317 
.281640 

1.58125 
I.5583S 

t« 

2.35728 

1.47589 

I.47475I 

W 
P 

4. 
10.0184 

1.46092 
1.45672 

w 

p 

.308227 

I.54136 

tt 

2.9466 

1.473834 

ft 

ii 

1-45673 

w 

.358702 

I.52115 

u 

ft 

1.47394 

w 

11.786 

1.44919 

p 

.394415 

1. 51219 

tt 

3.5359 

1.473049 

p 

tt 

1. 44941 

w 

467832 

1.50044 

ft 

t. 

1.47304 

w 

12.965 

1.44346 

p 

.508606 

1.49620 

tt 

4.7146 

1.471122 

p 

t4 

1.44385 

w 

!67o82 

1.40044 

p 

u 

1.47129 

w 

14.144 

1.43722 

p 

1.48660 

M 

5-3039 

1.470013 

p 

15.912 

1.42617 

tt 

.78576 

1.483282 

P 

ft 

1.47001 

w 

17.680 

1. 4 1 403 

tt 

.88398 

1.481422 

P 

5.8932 

1.468804 

p 

20.60 

1.3882 

RN 

.98220 

1.480084 

tt 

tt 

1.46880 

w 

22.5 

1.369 

(t 

A22=6.o25555o 
>& =0.0005 1 3495 
A = 0.000000 1 67  587 


/^=3.8666i9 

^8=  5569-7"  5 
As'* =329247 


(P) 


a*=2.i74967 
Ml =0.008344206 
Ai^=o.oii9o82 
iV2=o.oo698382 
W  Weller^  see  Paschen*s  article.    Other  references  as  under  Table  33 1  >  above. 

•mitnsonian  Tablcs. 
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Tables  333«336, 
INDEX  OF  REFRACTION. 

TABLB  838.  —  iBdM  of  Ralnotion  of  Flnoilto  1b  Air. 


1 

m 

Obser- 
ver 

.  -v(m)     • 

M 

ObMF- 

ver 

A(ai) 

n 

Obser. 
vcr. 

0.1856 

1.50940 

S 

1-4733 

1. 42641 

P 

1 

1 

4.1252 

1.40855 

P        . 

.19881 
.21441 

1.49629 
1.48462 

1* 

•< 

1.6206 

.1.42596 
1.42582 

«« 
tt 

4.4199 
4.7146 

1.40559 
1. 40238 

u 

.22645 

1.47762 

(( 

1.7680 

1.42507 

(1 

5.0092 

1.39898 

M 

•25713 

1.46476 

" 

1-9153 

1-42437 

i( 

1        5-3036 
1        5-5985 

» -39529 

1 

.32525 

1.44987 

«( 

1.9644 

1. 424 1 3 

«» 

1,39142 

u 

■.m 

1.44697 

u 

2.0626 

J.42359 

u 

1        5.8932       j       I.387I9 

6.4821;    !     1.378 19 
7.0718    ;    1.36805 

M 

I.44214 

<(     ! 

2.1608 

1.42308 

ti 

»» 

.48607 

1-43713 

P 

2.2100 

142288 

<t 

<t 

.58930 

•  X? 

1-43393 

P 

2.3573 

1.42109 
1.42088 

tl 

7.6612 

135680 

(• 

1-43257 

S 

2.5537 
2.6519 

t» 

8.2505 
i     8.8398 

1.34444 

« 

1.43200 

t( 

1. 420 1 6 

" 

1-33079 

4< 

.71836 

1-43157 

f< 

2.7502 

1.41Q71 

(t 

i     9.4291 

I.31612 

U 

.76040 

1.43101 

« 

2.9466 

141826 

(( 

51.2 

3.47 

RA 

.8840 

1.42982 

P 

3.1430 

1.41707 

u 

,   61. 1 

2.66 

M 

1. 1786 

1.42787 

« 

3-2413 

1.41612 

n 

1        00 

2.63 

s 

'•3756 

1.42690 

i. 

35359 
3.8306 

1.41379 

t« 

1-4733 

1. 4264 1 

u 

1.41120 

1 

References  under  Table 

187. 

n^ 


a' 


+ 


Ml 


where  a*  =  2.03882 
il/i=  0.0062183 
\i^  =  0.007706 
^  =  0.0031999 


—  ^X2— /X<or  =  ^-f 


Af't 


A^  — A.^ 


4 


Mi 


/=  0.000002916 
^=6.09651 
3/2=0.0061386 

A.2  =  0.00884 


A2  — A.2 

3/8=5114.65 

Ar^=  1260.56 
Av  =  0.0940/4 

^-  =  35-5M 


(P) 


TABLE  884.  — Olumge  of  TnAm  of  Rofnotton  for  1<>0  In  Unlti  of  tbo  6tk  Dooliiul  PliM. 
C  line, — i.220;D,  — 1.206;  F,  — 1.170;  G,  — 1.142.     (PI) 


TABLE  886.-Ilidos  of  Bofraotloii  of  loaltnA  Spur  (OtOOs)  In  Air. 

A(»i) 

«t 

«t 

ObMf-' 
ver.  j 

M 

a(m) 

«• 

«• 

Obeer  1 
ver 

a(m) 

«• 

^          ver 

0.198 

^ 

1.5780 

0.508     1.665- 
.533     1.6628 

1.4896 

M 

0.991 

1.6438 

1 

1.4802      c 

.200 

1.9028 

'•5765 

M 

1.4884 

i<    1 

1 

1.229     1.6393 

i.4787 ,  •*  1 

.208 

1.8673 

1.5664 

41 

1 

.589     1.6584 

1.4864       "    1 

1-307 

1.6379 

1.4783    •* 

.226 

i.8r30     1.5492 

__        I 

.643     1-6550     1-4849  '    " 

1.497 

1.6346 

1.4774     " 

.298 

1.7230     1.5151  ;    C    ! 

.650    1.6544 

1.4846  1    " 

1.682     1.6313 

_                     i( 

•340 

1.7008  '  1.5056      M   1 

•670    1.6537 

1.4843  ,     " 

'•Z49 !     -^ 

1.4764 !  '*  . 

.361 

1.6932     1.5022      c    1 

.760     1.6500     1.4826  1    - 

1.849  '  1.6280 

Ml 

.410 

1.6802     1.4964 

— 

.768     1.6497     1.4826      M 

1.908 

'•4757       **    1 

.434 
.486 

1.6755     1.4943 

M 

.801     1.6487     1.4822       C 

2.172    1.6210 

_           •( 

1.6678     1.4907 

1 

.905 

1.6458 

1.4810  ,    " 

2.324 

1-4739       - 

1 I 

C    Carvallo,  J.  de  Phys.  (3),  9,  1900. 

M   Martens,  Ann.  der  Phys.  (4)  6,  1901,  8,  190a. 

P    Paschen,  Wied.  Ann.  561  1895. 


PI     Pulfrich.  Wied.  Ann  45,  189a 

RA  Rubens-Aschkinass,  Wied.  Ann.  67,  1899. 

S       Starke,  Wied.  Ann.  60,  1897. 


TABLE  88e.  — Indtz  of  Rofraotton 

of  HitroM-dlMothyl-anlUao.    (Wood.) 

A 

n 

A 

1 

X 

tl 

X 

1 

n 

X 

n 

0.497 

2.140 

'    0-525 
•536 

1-945    ! 

0.584 
.602 

1. 81 5 
1.796 

0.636 

1.647 

0.713 

I.718 

.500 

2. 1 14 

1.909 

.647 

1.758 

-730 

I.713 

.506 

2.074 

1       -546 

1.879 

.6ti 

''.778 

.659 

1.750 

.749 

1.709 

.508 

2.025 

.557 

1.857    1 

.620 

.669    1    1.743 

-763 

1.697 

.516 

1.985 

1 

1.834    1 

j     .627 

1 

1.769 

1 

.696       1.723 

Nitro9<Mlimethyl-aiuline  has  enonnous  dispersion  in  yellow  and  green,  metallic  absorption  in  vicdet. 

Phil.  Mag.  1903. 

Smitmsonian    Tables, 


See  Wood. 


Tables  337-338. 
INDEX  OF  REFRACTION. 
TABLE  887.  —  Iiidn  of  RalnotiMi  of  Quzti  (810s). 
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Wave- 
length. 

Index 

Ordinary 

Ray. 

Index 

Extraordinary 

Ray. 

Tempera- 
ture 0  C. 

Wave- 
length. 

Index 

Ordinary 

Ray. 

Index 

Extraordinary 

Ray. 

Tempera- 
ture ^  C. 

0,185 

1.67582 

1.68999 

18 

0.656 
.686 

I.54189 

1. 55091 

18 

.193 

.65997 

•67343 

u 

•54099 

.54998 

*t 

.198 

.65090 

.66397 

t* 

.760 

•539«7 

.54811 

<t 

.206 

.64038 

.65300 

i< 

1. 160 

•5329 

- 

.214 

.63041 

.64264 

ti 

.969 

.5216 

- 

.219 

.62494 

i^ 

(t 

r:^f 

.5156 

— 

•231 

.61399 

.62560 

i» 

•5039 

- 

•257 

.59622 

.60712 

t< 

1  .V'8 

.4944 

— 

.274 

.58752 

.59811 

i< 

S 

•4799 

-Rubens. 

— 

.340 

.56748 

•57738 

« 

.4679 

— 

.396 

.55815 

.56771 

M 

'   4.20 

.4569 

— 

.410 

■^% 

.56600 

(t 

5*0 

417 

— 

.486 

.55896 

It 

645 

.274 

— 

0.589 

1.54424 

I  •55334 

U 

7.0 

1. 167 

■ 

Except  Rubens*  values, — means  from  various  authoritiet. 


TABLE  888.  —Indloot  of  Rilnotlon  for  Ttziou  Alvmi.* 


«a 

>. 

0 

Index  of  refraction  for  the  Fraunhofer  lines. 

X 

1 

e2 

a 

B 

0 

D 

B 

b 

P 

0 

Aluminium  Alums.    /^AUSOfla+iaHsO.t 

Na 

1.667 

17-28 

.1.43492 

1-43563 

» -43653 

1.43884 

1.44185 

1.44231 

1.44412 

1.44804 

NH,(CH,) 

1.568 

7-17 

•45013 

.45062 

•45177 

45410 

.45691 

-45749 

•45941 
.  .46181 

•46363 

K 

1.735 

H-I5 

.45226 

•45303 
.45328 

•45398 

.45645 

•45934 

•45996 

.46609 
.46618 

Rb 

1.852 

7-21 

•45232 

■45417 

.45660 

•45955 
.46141 

•45999 
.46203 

46288 

.46192 

Cs 

1. 961 

15-25 

.45437 

•45517 

.45618 

.45856 

.46386 

.46821 

NH4 

1-631 

15-20 

•45509 

■45599 

•45693 

•45939 
49748 

.46234 

.46481 

•46923 
.51076 

Tl 

2.329 

10-23 

49226 

•49317 

49443 

.50128 

.50209 

.50463 

9 

Chrome  Alums.    i?CitS04)t4-x3H,0.t 

Cs 

2.043 

6-12 

1.47627 

1.47732 

147836 
•47865 
.47861; 

1.48100 

1.48434 

1. 48491 

1.48723 

1.49280 

K 

1.817 

6-17 

.47642 

.47738 

•48137 

•48459 
.48486 

•48513 

•48753 

•49309 

Rb 

1.946 

12-17 

.47660 

.47756 

.48151 

.48522 

•48775 

•49323 

NH4 

1.719 

7-18 

.4791 1 

.48014 

.48125 

.48418 

48744 

.48704 

.49040 

•49594 

Tl 

2.386 

9-25 

.51692 

.51798 

•51923 

.52280 

.52704 

.52787 

.53082 

.53808 

Iron  Alums.    ^Fe(S04),+i2H,0.t 

• 

K 

1.806 

7-1 1 

1.47639 

1.47706 

1.47837 

1. 48 169 

1.48580 
48654 

1.48670 

1.48939 

1.49605 

Rb 

1. 91 6 

7-20 

.47700 

•47770 

.47894 

.48234 

.48712 

•49003 

.49700 

Cs 

2.061 

20-24 

.47825 

.47921 

.48042 

.48378 

.48797 

.48867 

•49136 

.49838 
.49980 

NH4 

T-7I3 

7-20 

.47927 

.48029 

.48150 

.48482 

.48921 

.48993 

.49286 

Tl 

2.385 

15-17 

.51674 

.51790 

.51943 

•52365 

.52859 

.52946 

.53284 

.54112 

*  According  to  the  experiments  of  Soret  (Arch.  d.  Sc.  Phys.  Nat.  Geneve,  1884,  z888,  and  Comptes  Rendus,  i885)b 
t  R  stands  fen-  the  different  bases  given  in  the  first  column. 

For  rither  alums  see  reference  on  Landolt-Bomstein-Roth  TabcUen. 
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Table  SS9. 

INDEX  OF  REFRACTION. 

Selected  Monorefringent  or  Isotropic  Minerals. 


The  values  are  for  the  sodium  D  line  unless  otherwise  stated  and.  are  arranged  in  the  order  of  increasiog  inciai 
Selected  by  Dr.  Edgar  T.  Wherry  from  a  private  compilation  of  Dr.  E.  S.  Larsen  of  the  U.  S.  Geological  Survey. 


Mineral. 

• 

Formula. 

Index  of 

refraction, 

X  <■  0. 589/i. 

Villiaumite 

NaF 

3NaF.3LiF.aAlFi 

SiOrnHiO 

CaFs 

KsO.AIiOt  4SOi.a4H^ 

2NaK).3AbOa.6SiChuaNaa 

SiOi 

NaK).AliOt.4SiOB.2H40 

KCI 

5Na1O.3AlsOs.6SiO1.aSQB 

Like  preceding  +  CaO 

4NasO.3Al1Oa.6SiO1.Na1S 

K90.AlsOi.4SiOi 

aCsi0.tAbOa.9SiOi.H«0 

NaQ 

AlK)s.nHsO 

3FefOi.aAsiOc.3K<0.5H^ 

j(S;  Mg,*Mn)O.AsgOi 

3CaO.AlsOt.3SiOi 

3(Mn.  Fe)0.3Be0.3SiOi.MnS 

3Mk).A]sOs.3SiOi 

3CaO.(Al.  Fe)>0«.3SiOl 

(Mg.  Fe)O.AlsO« 

3FeO.AIiOs.3SiOi 

FeO.AltOi 

ZnO.AbOs 

3MnO.AbOt.3SiOk 

3CaO.CnOi.3SiOi 

3CaO.FeiOs.3SiOs 

6Ca0.3TaiOi.CbOF« 

CuCl 

Contains  CaO.  Ce«Oi,  TiOi.  etc. 

3CaO.(Fe.  Ti)aOi.3(Si,  Ti)Oi 

PbO.CuCiiHiO 

(Mg,  Fe)0.(Al,  Cr)aOi 

aBisOi.3SiOt 

AgQ 

ConUins  Hg,  NH4.  d,  etc 

FeO.CnOa 

SbiOi 

NiO 

5Ca0.2TiOi.3SbiOi 

CuI.4AgI 

AgBr 

Contains  CaO,  FeO,  TiOs.  etc. 

Cul 

(Zn,  Fe,  Mn)0.(Fe,  Mn)sOi 

(Zn.  Fe)S 

CaO.TiOi 

C 

HgO.aHgO 

MnSt 

MnS 

Cu«0 

i.3a8 

1.330 
1.406-1.440 

1^486 
1.487 
1-490 

1.495 

1.496 

1.500* 

1.500 

1.525 

1.544 

1.570  * 

1.676 

1.723  * 

1.727 

1.736 

1.736 

1-739 

1.74s 

1.75s 

1.763 

1.770* 

1.778 

1.800* 

1.800* 

1.811 

1.830 

1.838 

1.857 

1.925 

1.930 

1.960-2.000 

1.980 

2.050 

2.050  * 

2.050 

2.061 

2.065 

2.070 

2.087 

2.150  * 

2.160 

2.18  (U  light) 

a.aoo 

2.200 

2.253 

2.330 

2!3^  (Li  light) 
a.  370-2. 470 
2.380 

2.419 

2.W  (Li  light) 
2.690  (Li  light) 
2.700  (Li  light) 
2.849 

Cryolithionite 

Opa\ 

F  uorite 

Alum 

Sodayte 

Cristot^dite 

Analcite 

Sylvite 

Noselite 

Hauynite 

Leucite 

PoUudte 

Halite 

Bauxite 

Pharmacosiderite 

Spinel 

Berzeliite 

Periclasite 

Grossularite 

Helvite 

Pyrope 

Arsenolite 

Hessonite 

Pleonaste 

Almandite 

Hercynite 

Gahnite 

Spessartite 

Lime 

Uvarovite 

Andradite 

Microlite 

Nantokite 

pyrochlore 

Scborlomite 

Percylite 

Picotite 

Eulytite 

Cerargyrite 

Moseaite 

Chromite 

Senarmontite 

Embolite 

Manganosite 

Bunsenite 

Lewisite 

Miersite ! 

Bromyrite 

Dysanalite 

Marshite 

Franklinite 

Sphalerite 

Perovskite 

Diamond 

Egglestonite 

Hauerite 

Ajabandite 

Cuprite 
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Substance. 


Albite  glass 

Amber 

Ammonium  chloride . . . . 

Anorthite  glass 

Asphalt 

Bell  metal 

Boric  Acid,  melted 

<4  it  H 

<«  «t  « 

Borax,  melted 

i<  ii   •' 

Camphor 

Canada  balsam 

Ebonite 

Fucbsin 

tt 

tt       •••... 

i» 

Ii 

Gelatin,  Nekon  no.  x  . . . 

"       various 

'Gum  Arabic 

Obsidian 

Phosphorus 

Pitch 

Potassium  bromide 

"         chlorstannate 

iodide 

Resins:  Aloes 

Canada  balsam. 

Colophony 

Copal 

Mastic.^ 

Peru  balsam. . . . 

Selenium 

«• 

14 
It 

Sodium  chlorate 

Strontium  nitrate 


Spectnmi 
line. 


D 
D 
D 
D 
D 

D 

C 

D 

F 

C 

D 

F 

D 

D 

D 

red 

A 

B 

C 

G 

H 

D 

D 

red 

red 

D 

D 

red 

D 

D 

D 

red 

red 

red 

red 

red 

D 

A 

B 

C 

D 

D 

D 


Index  of 
refraction. 


1.48QO 
I  546 
x.64aa 
I -5755 
1.63s 
Z.62Z 
1.0053 
1.4623 

1.4637 

1.4694 

X . 4624 

Z.4630 

x.47oa 

1.532 

I  5462 

I  530 

1.66 

2.03 

2.Z9 

2.33 

1.97 

X.32 

1.530 

1.516-1.534 
X.4B0 

1.5x4 
X.483-Z.496 
2.1442 
I  531 
1 ■ 5593 
I . 6574 
1.6666 
1.6x9 
1.528 
1.548 
Z.528 
I.S3S 
X.593 
3.61 
2.68 
2.73 
2.93 
1.5150 
1.5667 


Authority. 


Laraen,  1909 
Mtthlheim 
Grailich 
Larsen,  xooo 
£.  L.  Nichols 

Beer 

Bedson  and  Williams 


<< 
It 
I* 


u 
*l 
u 


«  4* 

Kohlrausch 
Mtihlheim 
Mean 

Avrton,  Peny 
Mean 


I* 


Jones,  Z911 

it  u 

Jamin 

Wollaston 

Various 

Gladstone,  Dale 

Wollaston 

TopsOe,  Christiansen 


it 


it 

M 


Jamin 

Wollaston 

Jamin 
tt 

Wollaston 

Baden  Powell 

Wood 
t< 

t« 

it 

Dussaud 
Fock 
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Table  Ml. 
INDEX  OF   REFRACTION. 
8«l«Md  XTuiaxla]  ISinenla. 


The  valus  tm  nmogcd  m  the  order  of  increuiug  indicea  fo^tfac  ordinarv  ray  vid  uc  for  tbe  aodium  D  line  toUaa 
(rtberw|K  indicittd,    SdixUdbyDr.  Edg*iT.  Whary  Irani privatecompililiaD  ol  Dr.  Edgu  S.  Lancn  oi  Uk U.  S. 


Mbenl. 

Foimuk. 

i.d„rfri„«i.,. 

"■     1        "■       : 

(a)    Uhuuciu,  Posmvi  Mdjimaib.                                                               1 

cS^'sKXiHiO 

aNaiO.  J  AU0..6SiOi.  7H1O 
Ki0.8Ca0..6SiOi.i6HiO 

F^.^EO..,aO 

SC^Fe)0!AliCi3Si0..4lt0 

iBeO.SiOi 

3(C>.'Mn,  rc10.(Al,  Fe)(OH.  FjO.iSiOi 

SKjg.'.M;)0,«SIO,JK) 

F«0.(T>.Cb),0, 

wFrij.sbi0..sriO, 

■  .(US 

I.40O 

i 
II 

I'll*?* 
i;g 

1.6m 

S-8M 

ii 

&.::::::::::::::::;:;: 

^'        i 
4S6 

if 
i 

i- 

4»  (Li  Ijehi) 

?!        1 

*         II 

(t)   Uniuoai  Nfoahvb  MiOT»Ai«.                                                     || 

aNiF.AlFi 
AJiCb.CiiOi'iSHiO 

ili 

1! 

i 

a^ 

— 

Tables  S41-Ma. 

INDEX  OF    REFRACTION. 

TABLE  841  (Continued).  — Selected  UniaziAl  Minerals. 


285 


Mineral. 

Formula. 

Index  of  refraction.            1 

Ordinary 
ray. 

Extraordinary         1 
ray.                 | 

0)   Uniaxial  Negative  Minzkals  {continued).                                                   1 

• 
Wcmcrite 

MeiMat  ^ 

3BeO.AlsOi.6SiOs 

Cu0.2UOs.Ps06,8HsO 

"Me"  -  4Ca0.3AlsOs.6SiOs 

Contains  NasO,  CaO,  AlsOs,  SiOs,  etc. 

9CaO,3Ps05.Ca(F,  CDs 

CaO.COs 

2CaO.AlaO3.SiOs 

Contains  NasO,  FcO,  AkOi,  BsOa,  SiOs.  etc. 

CaO.M^.2COs 

MgO.COs 

MnO.HsO 

AlsOs 

ZnO.COs 

MnO.COs 

KsO.3FesO1.4SOs.6HsO 

FeO.COs 

9Pb0.3PsO».PbCls 

3Pb0.2SiOs 

oPb0.3AssOt.PbCls 

PbO.PbCls 

PbO.WOs 

(Mg.  Fe)O.TiOs 

oPb0.3Vs05.PbCli 

PbO.MoOs 

TiOs 

PbO 

3AgsS.AssSs 

3AgsS.SbsSs 

1.578 

X.S81  ^ 

X.S92 

1.597 

x.634 

x.634 

x.6s8 

x.669 

x.669^ 

X.682 

X.700 

X.723 
1.768 
1. 818 
1.8x8 
x.820 

1.87s 
2.050 
2.070 

2. 135 
2.150 
2.269 
2.3x0 

2.354 
2.40a 

2.554 
2.665 
2.979 
3.084 
3.220 

X.551 

1.575  * 

1.582 

X.560 

X.629 

X.631 

X.486 

X.658 

1.638* 

1.503 

1.509 

X.68X 

1.760 

1.6x8 

1.595 

X.7XS 

X.63S 

2.04a 

2.050 

2.1X8 

2.040 
2.182 
X.9SO 

2.299 

2.304  (Li  light) 

2.493 

2.535  (LiUght) 

2.71X     "      " 

2.88X     "      " 

2.940     "      " 

Beryl 

Torbonite 

Meionite 

Mdilite 

Apatite 

Caldte 

Gehlenite 

Toumialitte 

Dolomite 

Magnesite 

Pyiochioite 

Corundum 

Smithsonite 

Rhodochiosite 

Jarosite 

Siderite 

PyromorDhite 

Bazysilite 

Mimetite 

Matlockite 

Stolzite 

Geikielite 

Wulfenite 

Octahedrite 

Massicotite 

Proustite 

IVx^xsyxite 

IJematite 

TABLE  348.  —  MiscelUneous  Uniaxial  Crystals. 


Crystal. 


Ammonium  arseniate  NH4HSA8O4 

Benzfl  (C«H*CO)s 

Corundum,  AlsOs,  sapphire,  ruby. 

Ice  at  -8*C 

<i    («    <t      i< 

Ivory 

Potassium  arseniate  KHsSsOs .... 

<(  <t  « 

Sodium  arseniate  NasAs04.X2HsO . 

nitrate  NaNOs 

phosphate  NasPOi.x  sHsO 

Nickel  sulphate  NiS04.6HsO 

<<  «  << 

U  («  (I 

Strychnine  sulphate 


Spectrum 
line. 


D 

D 

D 

D 

Li 

D 

F 

D 

C 

D 

D 

D 

F 

D 

C 

D 


Index  of  refraction. 


Ordinary 
ray. 


1.5766 
X.6S88 

X.769 
X.308 
1.297 

1.539 
1.5762 

I . 5674 

1.5632 

1.457 

X.S86 

1.447 

1.5x73 

X.S109 

1.5078 

1.6x4 


Extraordinary 
ray. 


X.52X7 
1.6784 
X.760 

X.313 
1.304 
1.54X 
1.5252 

1.5x79 

X.SX46 

X.466 

1.336 

1.453 

X.4930 

X.4873 

1.4844 

X.S99 


Authority. 


T.  and  C* 
Meaa 
Osann 
Meyer 

Kohlrausdi 

T.  and  C. 
«    it     « 

(t        u  << 

Mean 
It 

ii 

T.  and  C. 

It    «i     <i 

i<    <(     it 
Martin 


*  Topade  and  Christiansen. 
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INDEX  OF  ReFHACTION- 

SelMlsd  DnUxU  lUnaralt. 

The  valuB  *r  uniind  ia  the  atiet  o(  iacieuing  indica  lucthe  ordbuy  n>y  ud  ue  bx  the  •odium  D  line  noli 
otherwise  indicated.    Sdected  by  Di.  Edgur  T.  Wheny  iiam  ■  pcivmle  compilitioa  of  Di.  Ed(U  S.  Lukd  of  Uk  V. 


Mioeni. 

Formula. 

Indei  of  reliKtion.             | 

(i)    Unuxlu,  Fosmvi  Mnnuis.                                                                1 

HiO 

F)0.iEiO, 
^iU^TMnW.SSiOi.Hrf) 

FeO.(TB.Cb).0, 

^.sbiOi-sriO. 

i 

11 

460- 

1" 
1 

i 

IJO 

«6 

1 

St-        i 

!■- 
i* 

1 

i- 

iS 

1 

(i)     UnuIIU  NeCAHVI  MiNULAU.                                                                                      11 

"Ma'^-  3Ni^.jAl*n8SiOnN.CI 

,„„ 

II 

481 

^-■---■---■--■■■-■- 



— 
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Mineral. 

Formula. 

Index  of  refraction.             1 

Ordinary 

ray. 

Extraordinary         1 
ray.                 | 

0)    Uniaxial  Negative  Mineials  {continued).                                                   1 

■ 

MeiMai  ^ 

3BeO.AliO».6SiOi 

Cu0.2UO».PaO».8HjO 

"Mc"  -  4Ca0.3AlsO».6SiOt 

Containsi  NaiO,  CaO,  AlsOt.  SiOi,  etc. 

9Ca0.3PaO».Ca(F,  Cl)« 

CaO.COi 

2CaO.AIfO1.SiOt 

Contains  NaiO,  FeO,  AhO$,  B1O9,  SiOa,  etc. 

CaO.MgO.2CO1 

MgO.COi 

MnO.HiO 

A1,0» 

ZnO.COt 

MnO.COi 

KsO.3FesO1.4SO1.6HsO 

FeO.COs 

9Pb0.3P«O..PbCli 

3Pb0.2SiOs 

9PbO.3AssO5.Pbat 

PbO.PbCb 

PbO.W0» 

(Mg,Fe)O.TiOt 

9Pfi6.3VsO5.PbCb 

PbO.MoOs 

TiOt 

PbO 

3AgsS.AssSi 

3AgtS.SbsSt 

1.578 

X.581  =fc 

1.592 

1.597 

1.634 

1.634 

1.658 

1.669 

z.669^ 

X.682 

x.700 

1.723 

X.768 

Z.818 

z.8z8 

x.820 

1.875 
2.050 
2.070 

2.135 
2.150 
a.  269 
2.3x0 

2.354 
2.402 

2.554 
2.665 
2.979 
3.084 
3.220 

I.5SX 

1.575  * 

x.582 

1.560 

x.629 

1.631 

1.486 

z.658 

1.638* 

1.503 

5:11? 

x.760 

X.618 

1.595 

1.715 

X.635 

2.04a 

2.050 

a.xz8 

2.040 

2.X82 

x.950 

2.299 

2 .  304  (Li  light) 

2  493 

2.535  (Li  light) 

2. 711     "      " 

2.881     "      " 

3.940     "       •• 

Beiyl 

Torbornite 

Meionite 

Mclilitc 

Apatite 

Cakite 

Gehlenite 

Tourmaline 

Doloniite. , 

Magnesite 

Pyrochroite 

Corundum 

Smithsonite 

Rhodochzxnite 

Tarofiite 

Sideiite 

Pyromozphite 

Barysflite 

Mimetite 

Matlockite 

Stolzite 

GeOuelite 

Vanadinite 

Wulfenite 

MaMiicotite 

Proustite 

PyTaigyrite 

riematite 

TABLB  348.  —  Miscellaneoiis  Uniaxial  Cnrstals. 


Crystal. 


Ammonium  axseniate  NH4HaAfl04 

Benza  (C«H*CO)s 

Corundimi.  AlsOa,  sapphiz«,  ruby. 

Ice  at  -8*  C 

(I    (<    «     •« 

Ivory 

Potassitmi  arseniate  KHsSsOc 

It  (<  << 

il  «<  M 

Sodium  arseniate  NasAa04.i2HsO . 

nitrate  NaNOi 

"       phosphate  NaaPOi.z 2HsO 

Nickel  sulphate  NiSO«.6HsO 

<(  «t  <i 

Strychnine  sulphate 


Spectrum 
line. 


D 

D 

D 

D 

Li 

D 

F 

D 

C 

D 

D 

D 

F 

D 

C 

D 


Index  of  refraction. 


Ordinary 
ray. 


z . 5766 
Z.6588 

1.769 
Z.308 

X.297 
539 
5762 

5674 
5632 

457 
586 

447 
5173 
5109 
5078 
1. 614 


z. 
z, 
z. 
z. 
z. 
z. 
z. 
z. 

X, 

z. 


Extraordinary 
ray. 


52Z7 
6784 
760 

3x3 

304 

54X 

5252 

5179 

5x46 

466 

336 

453 

4930 

4873 

4844 

599 


Authority. 


T.  and  C* 
Mean 
Osazm 
Meyer 

Kohlrauach 
T.  and  C. 

)t         14  1< 

<<         tt  it 

Mean 
<i 

i< 

T.  and  C. 

i<    <<     (I 

<i    It     <i 
Martin 


*  TopsOe  and  Christiansen. 
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Table  84S. 
INDEX   OF    REFRACTION. 
Selected  BUudal  Crystals. 


The  values  are  arranged  in  the  order  of  increasing  fi  index  of  refraction  and  are  for  the  sodium  D  line  except  vboe 
noted.  Selected  by  Dr.  Edgar  T.  Wherry  from  private  compilation  of  Dr.  Edgar  S.  Larsen  of  the  U.  S.  Geolopcal 
Survey. 


Muieral. 


Formula. 


Index  of  refraction. 


•/3 


(a)  BiAxzAJL  Posmvx  MmzsAis. 


Steroorite 

Aluminite 

Tridymite 

Thenardite 

Camallite 

Alunogem'te 

Melanterite 

Natrolite 

Arcanite 

Struvite 

Heulandite 

Tbomsonite 

Hannotomite. . . 

Petalite 

Monetite 

Newboyite .... 

Gypsum 

Maacagnite 

Albite 

Hydromagnesite 
Wavellite...... 

Kieserite 

Copiapite 

Whewellite 

Variscite 

Labradorite 

Gibbsite 

Wagnerite 

Anhydrite 

Colemanite 

Fremontite 

Vivianite 

Pectolite 

.Calamine 

'Chondrodite. . . . 

Turquob 

Topaz 

Celestite 

Prehnite 

Baxite 

Anthophyllite . . 

Sillimanite 

Forsterite 

Enstatite 

Eudasite 

Triplite 

Si>odumenite . . . 

DioiMide 

Olivine 

Triphylite 


NajO.(NH4)iO.PfO».9HiO 

AlsOi.SOk.oHxO 

SiOi 

NaiO.SOl 

Ka.Mffas.6H«0 

Als0^.3SO^.x6HtO 

FeO.SO1.7HsO 

NasO.AlsOi.3SiOs.aHsO 

KsO  SOi 

(NH4)s0.2MgO.PjO».i2HsO 

CaO.AlaOs.6SiOs.3HsO 

(Nas.  Ca)OAlsOi.2SiOs.3HsO 

(Ks,  Ba)O.AljOk.sSiOs.sHsO 

LisO.Als03.8SiOs 

2CaO.PsOt.HsO 

2MgO.PsO1.7HsO 

CaO.SOs.2HsO 

fNHOsO.SOj 

"Ab"  -  NasO.AlsOi.6SiOs 

4MgO.3COs.4H2O 

^Al30|.2PsO».i2ai«0,  2HF) 

MgO.SOi.HsO 

2FesOi.5SOs.x8HsO 

CaO.CsQi.HsO 

Alsa.PsO».4H^ 

AbsAna 

AlsOk.3HsO 

3MffO.PsO».MgFs 

CaO.SOi 

2CaO.3BsOk.5HsO 

NasO.AM0s.PsO5.(H«O,  2HF) 

3FeO.PsO6.8HsO 

NasO.4CaO.6SiOs.H1O 

2ZnO.SiOs.HsO 

4MK0.2SiOs.Mg(F,  OH)s 

CuO.3  AlsCb.  2PtOt.9HsO 

2A10F.SiOs 

SrO.SOk 

aCaO.Alsa.3SiOs.HK) 

BaO.SOi 

MgO.SiOs 

AlsOi.SiOs 

2MgO.SiOs 

MgO.SiOs 

aBeO.AlsOk.aSiOs.H«0 

3MnO.PsOft.MnFs 

LisO.AlsOk.4SiOs 

CaO.MgO.aSiOs 

2(Mg,  Fe)O.SiOs 

Lis0.2(Fe.  Mn)O.PsOs 


•439 
•459 
.469 

■  464 
.466 

.474 

■  471 
.480 

■  494 
495 
498 

407 
S03 
504 
515 
514 
5ao 

521 
525 
527 
525 
523 
530 
401 
551 
559 
566 

569 
571 
586 

594 
579 
595 
614 

600 
6zo 
6x0 
622 
6x6 
636 
633 
638 

635 
650 
652 
650 
660 
664 
662 
688 


•441   I 

.460 

.464    I 

•  470 

•470   I 

•  473 

.474   I 

•48s 

•475     I 

•494 

.476     I 

-483 

■478     I 

.486 

.482     I 

•493 

■495     I 

■497 

•406     I 

-504 

•499     I 

.505 

•503     I 

■525 

•50s     I 

.50S 

.510     I 

.516 

.518     X 

.523 

.519     I 

533 

.523     I 

.530 

•523     1 

■  53,^ 

■  529     1 

.536 

.530     I 

.540 

•534     1 

552 

.535     1 

586 

•543     I 

■  595 

•555     1 

.650 

•  558     1 

S8a 

.563     I 

.568 

.566     I 

587 

•  570     I 

582 

.576     r 

614 

.592     I 

614 

.603     I 

61S 

.603     1 

633 

.606     X. 

634 

.6it     I. 

636 

.6x0    X 

639 

. 620     X . 

650 

.630    I. 

627 

.624     X 

631 

.626    I. 

649 

•637    I. 

648 

.642     X. 

6S7 

. 642    I . 

6S3 

.65X    I. 

670 

•653     I. 

658 

•6S5     1- 

671 

.660     I. 

672 

.666    I. 

676 

.67X    I. 

694 

.680     X. 

699 

.688    I. 

692 
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Minend. 


Fonnula. 


Index  of  refraction. 


nfi 


! 


ny 


(a)  Biaxial  Positive  Minerals  {continued). 


Zoisite 

Strengite 

Diasponte 

StauioUte 

Chxyaobeiyl 

Azurite 

Soorodite 

Otiveoite 

Anglesite 

Titanite 

Claudetite 

Sulfur 

(2otunnite 

Huebnerite 

Man^anite 

Raspite 

Mendipite 

TantaBte 

Wotframite 

CzxKoite 

Pseudobrooklte 

Stibiotantalite. . . .- 

Montioydite ^ 

Brookite 

Lithargite 


4CaO.3AltO1.6SiOs.H1O 

FesOk.PxOt.4HtO 

AltOi.HtO 

2FeO.5Al1Clk.4SiOk.HsO 

BeO.AltQi 

3CuO.2COs.HtO 

FesO1.AstOft.4H1O 

4CuO.AasOt.HtO 

PbO.SOk 

CaO.TiOk.SiOs 

AstOi 

S 

PbOt 

MnO.WOs 

MmOi.HsO 

PbO.WOi 

2PbO.PbCIt 

(Fc,  Mn)O.TatOi 

(Fe,  MnJO.WOi 

PbO.CrOk 

2Fei(V3TiOt 

SbiOk.TasOt 

HgO 

TiOs 

PbO 


1.700 
1. 710 
1.702 
X.736 

1.747 
1.730 
1.765 
1.772 

X.877 
X.900 

1. 871 
1.950 
2.200 
2.170 
2.240 
2.270 
2.240 
2.260 
2.3x0 
2.3x0 
2.380 

2.374 
2.370 

a.  583 
2.5x0 


X.702 

1.706 

X.7I0 

1-745 

X.722 
X.74X 
x.748 
x-758 

X.750 
1.746 
X.7S7 
X.838 

x.774 
1.8x0 
X.882 

X.797 
X.863 
X.894 

1.907 

3.034 

1.920 

2.0x0 

2.043 
2.217 

2.240 
2.260 

2.220 
3.240 

2.320 
2.530  (Li) 

2.270 

2.300 

2.270 
2.320 
2.360 
a.  370 
2.390 

2.310 
2.430  (Li) 
2.460  (Li) 
2.660  (Li) 
2.430  (Li) 

2.404 
2.500 
2.«86 
2.610 

2.457 
2.650  (Li) 

2.74X 
2.710 

(b)  Biaxial  Negativs  Minerals. 


Mirabilite 

Tbomaenolite. . 

Natron 

Kalinite 

Epaomite 

Saasolite 

Borax 

Goslarite 

Pickeringite. . . 

Bloedite 

Trona 

Thermonatrite 

Stilbite 

Niter 

Kainite 

Gaylussite 

Sooledte 

Laumontite . . . 
Orthoclase . . . . 

Microcline 

Anorthodaae . . 

Glauberite 

Coidierite 

Chalcanthite . . 
Oligodase 


NatO.SOs.xoHtO 

NaF.CaFt.AlFi.HtO 

NatO.COi.ioHtO 

K]O.AltOi.^Ok.24HtO 

MK).SOi.7HtO 

BiOi.HtO 

Nai0.2BsOk.xoHsO 

ZnO.SO1.7H1O 

MgO.AltOi.4SOk.22HiO 

NatO.Mgp.2Sa.4HtO 

3Nat0.4COi.5HiO^ 

NatO.COs.HsO 

(Ca,  Nai)O.AltQi.6SiOs.5H^ 

KsO.NsOt 

MgO.Sa.Ka.3HsO 

NasO.CaO.2COs.5HsO 

CaO.Alsa.3SiOs.3HsO 

CaO.Alsa.4Sia.4HsO 

KsO.Alsa.6Sia 

Same  as  preceding 

(Na,  K)sO.Alsa.6Sia 

NasO.CaO.2Sa 

4(Mg,  Fe)0.4Alsa.xoSia.HsO 

CuO.Sa.5HsO 

Ab4An 


X.394 

X.396 

X.398 

1.407 

X.414 

1.4x5 

1. 40s 

X.425 

X.440 

X.430 

X.452 

1.458 

X.433 

1-455 

1.46X 

X.340 

1.456 

1.459 

1.447 

X.470 

X.472 

X.457 

X.480 

X.484. 

1.476 

X.480 

X.483 

X.486 

X.488 

X.489 

X.4X0 

X.492 

I -.542 

X.420 

X-495 

x.sx8 

X.494 

X.498 

X.500 

X.334 

X.505 

X.506 

1.494 

1.505 

1.5x6 

1.444 

1.5x6 

x.5a3 

1.5x2 

X.5X9 

X.5X9 

X.5X3 

X.524 

X.525 

X.518 

X.S24 

1.526 

1.532 

X.S36 

t.S30 

X.523 

1.529 

X-531 

X.5X5 

X.532 

1.536 

X.534 
X.516 

1.538 

1.540 

X.539 

X.546 

X-539 

1.543 

X.547 
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(t)  BuxuL  NzCAnvE  Civstals  ItmUiuied). 


lUiiu  NuO,  MiO,  FeO,  SIOi,  cu 
lO.iSEOi.BiOi.HiO 


HpOa 


IS  its 

1,670  (Li) 
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Crystal. 


Ammonium  oxalate,  (NH4)2Cs04.HiO. . . 
Ammonium  acid  tartrate, 

(NH4)H(C4H40.) 

Ammonium  tartrate,  (NH4)tC4H40«. 

Antipyrin,  CuHiaNOi 

Citnc  acid,  CeHtOj.HiO 

Codein,  CiaiiiN0i,H20 

Magnesium  carbonate,  MeC0b.3HsO 

sulphate,  MgS04.7U20 

Potassium  bichromate,  KsCnO? 

"         chromatc,  K»Cr04 

nitrate,  KNOi!!.*.!".!'.!*.'.!;! 

'*         sulphate.  KsS04 

«  ti 

U  i< 

Racemic  acid,  C4H^si^6 ... 

Resorcin,  C«H«Oi 

Soditmi  biclvomate,  Na2Crs07.2HsO 

"      acid  tartrate,  NaH(C4H40a).2H20 
Sugar  (cane),  CuHnOu 

Tartaric  add,  aHi6«"(riJht-).' .'.'.".", 

Zinc  sulphate,  Zn904.7H20 

«  <i 

ti  «< 


Spectrum 
line. 

XUVl 

CA  Ul   SKUUkA. 

■uu. 

Authority. 

"o 

np 

ny 

D 

1.4381 

1.5475 

1-5950 

Brio 

D 

1.5188 

X.5614 

1.5910 

T.  and  C* 

D 

— 

1.581 

Cloisauz 

D 

1.5697 

1  6935 

1  -  7324 

Liweb 

D 

1-4932 

1-4977 

1.5089 

Schrauf 

D 

1.5390 

1-5435 

Grailich 

D 

1.495 

1.501 

X.526 

Genth 

D 

1.432 

1-455 

1.461 

Means 

Cd,  0.226M 

1.4990 

1.5266 

1.5326 

Borel 

H,  0.656/i 

1.4307 

1.4532 

1.4584 

« 

D 

1.7202 

1.7380 

1.8197 

Dufet 

D 

— 

X . 7254 

T.  and  C. 

red 

1.6873 

1.722 

1  •  7305 

Mallard 

D 

1.3346 

1.5056 

1.5064 

Schrauf 

F 

I . 4976 

1.4992 

I  .  5029 

T.  and  C. 

D 

1.4932 

1.4946 

1.4980 

<«    <<     «« 

C 

I. 4911 

I . 4928 

1.4959 

•1      «      u 

yellow 

1.526 

Groth 

D 

— 

1-555 

— 

« 

D 

I. 6610 

1.6994 

1.7510 

Dufet 

red 

— 

1 . 5332 

Brio 

Tl 

1-5422 

1.5685 

1.5734 

Calderon 

D 

1-5397 

1.5667 

1.5716 

« 

Li 

1.5379 

1.5639 

1-5693 

•< 

D 

1-4953 

1.5353 

1.6046 

Means 

F 

1 . 4620 

1.4860 

1.4897 

T.  and  C. 

D 

1.4568 

1. 4801 

1.4836 

t<    (<    t( 

C 

1.4544 

1.4776 

I. 4812 

<(         «         4t 

*  Topsde  and  Christiansen. 


TABLE  845.  —  Miscellaneoas  Liquids  (see  also  Table  346),  Liquefied  Gases,  Oils, 

Fats  and  Waxes. 


Substance. 

Temp. 

•c 

Index  for  D 
0.589M. 

Refer- 
ence. 

Substance. 

Temp. 
"C 

Index  for  D 
0.589/*- 

Refer- 
ence. 

Liquefied  gases: 
Cla 

15 

14 

IS 

18 

6 

18.5 
-190 

16.5 
-90 

IS 
~i8i 

15. 
X6.5 
10 
16.5 

15. S 

15 
20 
20 

15. s 
15 

15. s 
27 

20 

15. s 

1.659 
1-367 
1-195 
^  ^^S 
1.180 

1.384 

t.20S    • 

1-325 
1  330 

1.194 
1. 221 

1.350 
1.252 

1  32s 
1.466 

1.4728-1.4753 

I. 4799-1  4803 

1.47-1.48 

1 . 5301-I . 5360 

1.4587 

1. 4790-1. 4833 

1.4737-1.4757 

1.4757-1.4768 

1.460-1.467 

1.4702-1.4720 

a 
b 
b 
b 
b 
b 
c 
b 
c 
b 
c 
b 
b 
b 
b 

d 

e 

e 

e 

d 

e    . 

d 

e 

e 

d 

Oils: 
Lavendar 

20 

15 

15.5 

15. 5 

15 

15.5 

60 

15.5 
20 

15-5 

25 

15-5 

25 

15.5 

15.5 

15. 5 

15.5 

19 

40 

40 
75 
84 
40 
40 
60 

1 . 464-1 . 466 

1.4820-1.4852 

1.4757-1.4768 

1.4750-1.4762 

1-4695-1.4708 

1.4703-1.4718 

1.4510 

1.4723-1.4731 
1 . 464-1 . 468 

1.4770 

1.4677 

I. 4748-1. 475 2 

1-4741 

1-4742 

1.4760-1.4775 
1.4665-1.4672 

1 . 4739 

1503 

1.4649 

1.4552-1.4587 
1.4398-1.4451 
1.4520-1.4541 
1.4560-1.4518 
1.4584-1.4601 
1.4510 

e 

e 

d 

d 

e 

d 

d 

d 

e 

d 

e 

d 

e 

d 

e 

e 

d 

e 

e 

e 

e 
e 

e 
e 
e 

COi 

C2N,. 

C«H4 

H»S 

Maize 

Mustard  seed 

Neat's  foot 

•  Olive 

Nt 

Palm 

NHi 

NO 

Peanut 

Peppermint 

Poppy 

NiO 

Oi 

Porpoise 

SOi 

Rape  (Colza) 

Seal 

HCl 

HBr 

HI 

Sesame 

Soja  bean 

Sperm 

Oils: 

Almond 

Castor 

Citronella 

Clove 

Cocoanut. .  . . 
(joA  liver. . . . 
Cotton  seed . . 

Croton 

Eucalyptus . . 
Lard 

Sunflower 

Tung 

Whsde 

Fats  and  Waxes: 

Beef  tallow 

Beeswax 

Camauba  wax 

Cocoa  butter 

Lard 

Mutton  tallow .  . . 

References:   (a)  Martens;   (b)  Bleekrode,  Pr.  Roy.  Soc.  37.  ^39.  1884;    (c)  Liveing,   Dewar,  Phil.  Mag., 
1892-3;    (d)  Tolman,  Munson,  Bui.  77,  B.  of   C,  Dept.  Agriculture,   1005;    (c)  Seeker.  Van  Nostrand's 
CheniKal  Annual.    For  the  oils  of  reference  d,  the  average  temperature  coefficient  is  0.000365  per  **  C. 
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Table  SM. 

IND£X  OF  REFRACTION. 

Indices  of  Refnctkm  of  Liquids  RelstiTe  to  Air. 


Substance. 


Acetaldehyde,  CHiCHO 

Acetone.  CHaCOCHa 

Anfline.  C«H».NHa 

Akohol,  methyl,  CH^.OH. . . . 
*•       ethyl  CtH».OH 

"  n-propylCiH7.0H.. 
Benxol,  C«H« 

"       Q^tdn/di 

Bromnaphthaline,  CioHrBr. . . 
Carbon  disulphide,  CSi 

"      tetrachloride,  CCU . . 

Chinolin,  OH7N 

Chlord.CCU.CHO 

Chloroform.  CHCb 

Decane,  CioHn 

Ether,  ethyl,  CaH».0.C2H». . . 

"      dn/dt 

Ethyl  nitrate.  C9H1.O.NO1. . . 

Formic  add,  H.COiH 

Glycerine.  GlUOi 

Hexane.  CHi(CHi)4CH» 

Hexylcae.  CHi(CHi)iCH.CH» 

Methyl  iodide,  CHal 

"     dn/dt 

Naphthalene^ioHi 

Nicotine.  CitHiiNa 

OcUne.  CHi(CHt)«CIIi 

Oil,  almond 

aniseed 

ti 

bitter  almond 

«« 

cinnamon 

olive 

rock 

turpentine 

Pentane.  CHi(CHi)iCHi.'. . 
Phenol.  CtHMDH 

StyTene.CtHVCH.CHt. .... 

Thymol.  CuHi^O 

Toluene,  CHi.CtHs 

Water,  HjO 

it 

<< 

It 


Den- 
sity. 


Temp. 

•c 


0.780 

20 

0.791 

20 

x.oaa 

20 

0.794 

20 

0.808 

0 

0.800 

ao 

— 

30 

0.804 

30 

0.880 

ao 

— 

20 

1.487 

30 

».»93 

0 

1.263 

30 

1.591 

ao 

1.090 

30 

1.5x2 

30 

1.480 

30 

0.738 

149 

O.71S 

30 

— 

30 

1.X09 

30 

I.  319 

30 

X.  260 

20 

0.660 

20 

0.679 

23-3 

3  318 

20 

— 

ao 

0.96a 

98.4 

1.012 

22.4 

J.  707 

IS-I 

0.92 

0 

0.99 

IS  I 

0.99 

21.4 

X.06 

ao 

— 

10 

— 

22.5 

1.05 

23-5 

0.92 

0 

— 

0 

0.87 

X0.6 

0.87 

20.7 

0.62s 

IS  7 

1.060 

40.6 

I.02X 

82.7 

0.910 

16.6 

0.982 

— 

0.86 

20 

— 

20 

— 

0 

— 

40 

— 

80 

Indices  of  refraction. 


.^7M   0.4^ 


X.3399 


1.7289 

1.717s 
1.6994 


i.4''3 


X.8027 


X.6084 


1.7039 
1.6985 


Z-4939 
1.4913 


1.3435 
1-3444 
1.34" 
X.3332 


•3394 
.3678 
.6204 
.336a 

.3773 
.3700 
.0004 
■  3938 
.5236 
.0007 
.7041 
.6930 
.6748 

.6679 

.4679 

■458 

.4200 

.3607 

.0006 

•  395 
.3804 

.4828 
.3836 
.4059 


Z.5439 
1-4097 


I. 5775 


I  3645 
I. £684 

X . 5816 

1.5x70 
1.3404 
X.34X3 
X.3380 
X.3302 


o.^li 


3359 
3639 
6041 

333  X 

3739 
3666 
0004 
390X 
5x32 
0006 
6819 
6688 
6523 
4676 
0470 
4624 
4S30 
4160 
3576 
0006 

392 

3764 

4784 

3799 

4007 

7692 
0007 
603X 

4046 
4847 
5743 
5647 
5623 
6389 
6314 
6508 

482s 
4644 

48x7 

4793 
3610 

5558 
5356 
5659 
5386 
5070 
3372 
3380 

3349 
3270 


O.S89M 
D 


3316 

3593 

.5863 

3290 

3695 
.3618 
.0004 

.3854 
:.Soxa 
-.0006 

.6582 

.6433 
1.6276 

.4607 
.6245 
.4557 
.4467 
.4108 
.3538 
.0006 

•  3853 

•  3714 

•  4730 
^.3754 

.3945 

•  7417 
—  .0007 

:.5823 

•  5239 
.4007 
.4782 

[.5572 

•  5475 

.6xoA 

.6020 

.6x88 

.4763 

.4573 

.4744 
.472X 

.3581 

•  5425 

.J48S 

.4955 
.3330 

•  3338 
.3307 
.3230 


o.6s6m 


.3298 

•  3573 

•  5793 
.3277 
.3677 
.3605 
.0004 
.3834 
.4965 
.0006 
.6495 
.6336 
.6x8a 

•4579 
.6x61 

•4530 

•4443 
.408S 

-3515 
.0006 

•  3830 

.3693 

.4706 

.3734 
.3920 
•7320 
.0006 

•5746 
.5198 
.3987 
•4755 
.5508 

.54x0 

.5391 
.6007 

.5930 
.6077 
.4738 
•4545 
.47x5 
.4692 
.3570 
•5369 

•  5x74 
.54x0 

.5338 
.4911 

•  33X2 

•  33x9 
•3290 

•  3313 


Author- 
ity. 


la 
Means 


xb 
Means 

2 

X 


3 

4 

■4 
id 

IC 

xc 

Means 

xe 

Meam 
*• 

•< 

xa 

5 

ic 

IC 

M. 


if 

IC 

le 
6 

7 
8 

5 

7 

I 

6 
6 

9 
8 

le 

IS 
ih 
11 
ih 
xo 


** 


References:  x.  Landolt  and  BOmatein  (a.  Landolt:  b,  Korten;  c.  Brilhl;  d,  Haagen;  e.  Laxidolt.  Jafan; 
f,  Nasini,  Bemheiroer;  s,  Eisenlohr;  h.  Eykman;  i,  Auwers,  Eisenlohr);  a,  Korten;  3.  Waiter;  4,  Ketteler; 
5.  Landolt;  6.  Olds;  7,  Baden  Powell;  8.  WiUigen;  9.  Fraunhofer;  xo,  BrOhL 
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Substance. 


Density. 


Temp.  C. 


Indices  of  refraction  for  spectrum  lines. 


Authority. 


(t)  Solutions  in  Water. 


Ammonium  chloride 

U  U 

Calcium  chloride 

u  u 


Hydrochloric  acid 
Nitric  acid  .  .  . 
Potash  (caustic)  . 
Potassium  chloride 


M 
(I 


(4 
(I 


1.067 


.215 
.143 


27*^.05 

29-75 
25.65 

22.9 

25.8 


Soda  (caustic) 
Sodium  chloride  . 


44 


Sodium  nitrate 

Sulphuric  acid 
I*  t( 

u  u 

(«  (( 

Zinc  chloride  . 

t4  U 


1. 166  20.75 

•359       18.75 
.416       IT.0 
normal  solution 
double  normal 
triple  normal 


1.376 
.189 
.109 

•035 

1.358 
.811 
.632 
.221 
.028 

1-359 
.209 


21.6 

18.07 
18.07 
18.07 

22.8 
18.3 
18.3 
18.3 
18.3 

26.6 
26.4 


^■37703 
•34850 
.44000 

.3941 1 
•37152 

1. 4081 7 

•39893 
.4ooi;2 

•34087 
.34082 

•35831 

1.41071 

•37562 

■3575' 
.34000 

1.38283 

•43444 
.42227 

•36793 
•33663 

'•39977 
.37292 


137936 
•35050 
.44279 
•39652 
•37369 

1.41109 

.40181 

.40281 

.34278 

-35179 
•36029 


'•38473 

•35515 
.44938 

.40^06 
•37876 

1.41774 
.40857 
.40808 

.34719 

•35645 
•36512 


1.41334  1.41936 
•377891  38322 
•35959    -36442 


.3419' 

'•38535 
•43669 
.42466 
.37009 
.33862 


1.40222 
•37515 


.34628 

'•39'34 
.44168 

.42967 

.37468 

•34285 

1.40797 
.38026 


' -35049 
•3 


1.38746 
•36823 

•34969 


'•39336 

•36243 
.46001 

.41078 

.38666 

1. 428 1 6 
.41961 

41637 


1.42872 


WUligen. 


M 

(( 
U 

u 


ti 


Fraunhofer. 
Bendjer. 


Willigen. 
Schutt 


M 


1 .401 2 1 
.44883 
•43694 

•38'58 
.34938 

1.41738 
■38845 


Willigen. 


It 

M 
M 

14 


(b)  Solutions  in  Ethyl  Alcohol. 


Ethyl  alcohol  .     .    . 

Fuchsin  (nearly  sat- 
urated)    .    .     .    . 
Cyanin  (saturated)   . 


0.789 
•932 


27.6 

16.0 
16.0 


'■3579' 
-35372 

.3918 
-3831 


'•35971 
•35556 

.398 


'.36395 
•35986 

.361 
•3705 


1.37094 
.36662 

•3759 
.3821 


Willigen. 


Kundt. 
«< 


Note.  —  Cyanin  in  chloroform  also  acts  anomalously ;  for  example,  Sieben  gives  for 
a  4.5  per  cent,  solution  ha=  '..4$93«  M<=  1.4695)  /i^ (green)  ^  1.4514)  Ho  (blue)  =  1.4554. 
For  a  9.9  per  cent,  solution  he  gives  fid=  1.4902,  /i^ (green)  =  1.4497,  /io(blue)  =  1.4597. 


(0)  Solutions  of  Potassium  Pexmanganati 

I  IN  Watbr.* 

Wave- 
length 
in  cms. 
X  io». 

Spec- 

Index 

Index 

Index 

Index 

Wave- 
length 

Spec- 

Index 

Index 

Index 

Index 

trum 

for 

for 

for 

for 

trum 

for 

for 

for 

for 

Une. 

I  %  sol. 

a%8ol. 

3  %  sol. 

4%»ol. 

in  cms. 
Xio«. 

line. 

I  %  sol. 

2  %  sol. 

3%  Ml. 

4%  sol. 

68.7 

B 

1.3328 

'•3342 

_ 

'•3382 

51.6 

^ 

'•3368 

'•3385 

_ 

. 

65.6 

C 

•3335 

•3348 

'•3365 

•3391 

52? 

— 

•3374 

•3383 

13386 

1.3404 

61.7 

- 

•3343 

•3365 

•338' 

.3410 

48.6 

F 

-3377 

^^ 

.3408 

59-4 

— 

•3354 

•3373 

•3393 

.3426 

48.0 

- 

.338' 

•3395 

.3398 

•3413 

D 

•3353 
.3302 

•3372 

— 

.3426 

46.4 

— 

-3397 

.3402 

.34'4 

•3423 

— 

•3387 

•34 '2 

•3445 
•3438 

44.7 

- 

•3407 

•3421 

.3426 

•3439 

55-3 

— 

•3366 

•3395 

•34'7 

43^4 

— 

•34' 7 

— 

— 

•3452 

52.7 

E 

•3363 

- 

— 

- 

42.3 

— 

•343' 

•3442 

•3457 

.3468 

52.2 

■ 

•3362 

•3377 

■3388 

■ 

■■■ 

^^ 

^ 

" 

Smithsonian  Tablcb. 


*  According  to  Christiansen. 
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Table  348. 
INDEX  OF  REFRACTION. 

IndlOM  of  Rofnotton  of  Gum  and  Vapon. 


A  formula  was  given  by  Biot  and  Arago  expressing  the  dependence  of  the  index  of  refraction  of  a  gas  on  pressure  aod 

*6— I   >     .. 
temperature.     More  recent  experiments  confirm  their  conclusions.     The  formula  is  m, —  i  =  — , —  •— -•  •here 

'  I  +a/  760 

»i  is  the  index  of  refraction  for  temperature  /,  »o  ^^^  temperature  sero,  a  the  coefficient  of  expansion  oi  the 
with  temperature,  and  /  the  pressure  of  the  gas  in  millimeters  of  mercury.  For  air  tee  Table  ZA9» 


(a)    Indices  of  refraction. 


Spectrum 
line. 


A 
B 
C 
D 
£ 
F 
G 
H 
K 
L 


io»  (n-i) 
Air. 


.2905 
.2911 
.2914 
.2922 

•2933 

.2943 
.2962 

.2978 

.2980 

.2987 


Spectrum 
line. 


M 

N 
O 
P 

Q 

R 
S 
T 
U 


lo'  (n-i) 
Air. 


•a993 

•3003 

■3015 

3023 

•3031 

•3043 

•3053 
.3064 

•307s 


Wave. 

length. 


(n-i  )  lo*. 


Air. 


.4861 
.5461 

•5790 
.6563 

.4360 

.5462 

.0709 

6.709 

8.678 


.2951 
.2936 
.2930 
.2919 
.2971 

.2937 
.2918 
.2881 
.2888 


0. 

N. 

•2734 
.2717 

.3012 
.2998 

.2710 
.26^ 

.2982 

•2743 
.2704 

.2683 

.2643 

.4506 

.4471 
.4804 

.2650 

•4579 

H. 


1406 
1397 
1393 
1387 
1418 

1397 

'3f5 
1361 

1361 


F'irst  4»  Cuthbertsons ;  the  rest,  Koch,  1909. 


(k)  The  following  are  compiled  mostly  from  a  table  published  by  Brfihl  (Zeits.  far  Phys.  Chem.  toL  7,    ' 
pp.  3S-S7)-    The  numbers  are  from  the  results  of  experiments  by  Biot  and  Arago,  Dulong,  Jamin,  Ketteler, 
Lorens,  Mascart,  Chappius,  Rayleigh,  and  Riviere  and  Pryti.    When  the  number  given  rests  on  the  authority 
of  one  observer  the  name  of  that  observer  is  given.    The  values  are  for  o^  Centigrade  and  760  mm.  pressure. 


Substance. 


Acetone  .    . 
Ammonia 

4C 

• 

Argon .     .    . 
Benzol     .    . 

Bromine  .     .    . 
Carbon  dioxide 


Carbon  disul-    ( 
phide    .     .     } 

Carbon  mon-     ( 

oxide    .    .     ( 

Chlorine  .    . 

Chloroform  . 

Cyanogen 

• 

Ethyl  alcohol 
Ethyl  ether  . 
Helium    .     . 

Hydrochloric     K 
acid ...     I 


Kind  of 
light. 


D 
white 
D 
D 
D 

D 

white 

D 
white 

D 

white 
white 
white 

D 

D 

white 
D 
D 
D 
D 

white 
D 


Indices  of  refraction 
and  authority. 


I.OOIO79-I.OOIIOO 
1 .00038 1  -1 .00038  5 
I.OOO373-I.OOO370 
1. 000281  Rayleigh. 
1.001700-1.001823 

1.001x32  Mascan. 
1 .000449- 1 .0004  50 
X  .000448- 1 .000454 
1. 001 500  Dulong. 
x.ooi  478-1. 001 485 

1.000340  Dulong. 
1*000335  Mascart. 

1.000772  Dulong. 

1.000773  Mascart. 
1. 00 1 436- 1. 00 1 464 

1.000834  Dulong. 
1 .000784- 1 .00082  5 
1.00087 1-1.000885 
1.001521-1.001544 
1.000036  Ramsay. 


1.000449  Mascart. 
1.000447 


M 


Substance. 


Hydrogen 

Hydrogen  sul 

phide 
Methane 


,sul.j 


fl 


Methyl  alcohol 
Methyl  ether 
Nitric  oxide . 


(( 


u 


Nitrogen  .     . 
Nitrous  oxide 


41 


(I 


Oxygen    .    . 


{( 


Pentane    .    . 
Sulphur  dioxide 


t( 


t( 


Walter.    .    .    . 


{< 


Kind  of 
light. 


white 

D 

D 

D 
white 

D 
D 
D 

white 
D 

white 

D 
white 

D 
white 

D 
D 

white 

D 
white 

D 


Indices  of  ref Taction 
and  authority. 


1 .0001 38-1 .000143 
1.000132  Burton. 
1.000644  Didong. 
1.000623  Mascart. 
t. 000443  Dulong. 

1.000444  Mascart. 
1 .000  C49- 1 .000623 
1. 000891  Mascart 
1.000303  Dulong. 
1.000297  Mascart 

1.00029  c-i. 000300 
1 .000290- 1 .00029S 
1. 000503-1. 000507 
X.00051O  Mascart 
1 .00027  2- 1 .000280 

1.00027 1 -1. 000272 
1.001711  Mascart 
1.000665  Dulong. 
1.000686  Ketteler. 
1. 00026 1  Jamin. 

1 .000249-1 .000259 


8MiTHaoNiAN  Tables. 
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Table  Mt. 

INDEX  OF  REFRACTION. 

TABLE  849.  —  Index  of  Refraction  of  Air  (16''C,  76  cm). 

C(^rectums  for  ndudng  wave-4eHtiks  and  frequencies  mair  ii5*C,76  cm)  Io  vacuo. 

The  indices  were  computed  from  the  Cauchy  formula  (»  —  i)io'  ■■  2726.43  +  ia.288/(A'  X  xo~*)  +0.3555/ 
(\*  X  io~^*).  For  o*  C  and  76  cm  the  constants  of  the  equation  become  2875.66, 13.4x2  and  0.3777  respectively,  and 
for  30"  C  and  76  cm,  2589.72,  12.259  &nd  0.2576.  Sellmder's  formula  for  but  one  absorption  band  closely  fits  the 
observatioDs:  n'  =  i  +  o.ooo57378XV(X*  ~  595260).  If  »  —  x  were  strictW  proportional  to  the  density,  then  (»— x)o/ 
(n  —  x)i  would  equal  x  +  ai  where  a  should  be  0.00367.   The  following  values  of  a  were  found  to  hold: 

\      0.85M  0.75A*  0,65/i  0.55M  0.45M  0.35M  0.25/* 

a      0.003672  0.003674  0.003678  0.003685  0.003700  0.003738  0.003872 

The  indices  are  for  dry  air  (0.05  ^  %  CX)i}.  Corrections  to  the  indices  for  water  vapor  may  be  made  for  any  wave- 
length by  Lorenz's  formula,  +  0.000041  (m/760),  where  m  is  the  vapor  pressure  in  mm.  The  corresponding  frequencies 
in  waves  per  cm  and  the  corrections  to  reduce  wave-lengths  and  frequencies  in  air  at  X5''  C  and  76  cm  pressure  to  vacuo 
are  given.  E.g.,  a  lij^t  wave  of  5000  Angstroms  in  dry  air  at  15*  C,  76  cm  becomes  5001.39X  A  in  vacuo;  a  frequency 
of  20,000  waves  per  cm  correspondingly  becomes  19994.44.  Meggers  and  Peters,  Bui.  Bureau  of  Standards,  X4,  p.  73X, 
1918. 


Fre- 

Vacuo 

Fre- 

Vacuo 

Wave- 

Dry air 

Vacuo 

quency 

correction 

Wave- 

Dry air 

Vacuo 

quency 

correction 

length, 

(»-i) 
Xio' 

correction 
forXinair 

waves  per 
cm 

,      I  . 
f  or  T-  m  air 

length, 

Xxo' 

correction 
forXinair 

waves  per 
cm 

,      1  .      . 
for  7  m  air 

Ang- 
stroms. 

is'C 
76  cm 

(»\  -  X). 
Add. 

I 

X 

in  air. 

Subtract. 

Ang- 
stroms. 

70  cm 

(«X  -  X) 
Add.- 

I 

X 

in  air. 

Subtract. 

3256 

0.65X 

50,000 

X6.27 

X5.x8 

5SOO 

2771 

1.524 

x8,i8i 

5. 04 

2100 

3188 

0.670 

47,6x9 

5600 

2769 

1-551 

17,857 

4^85 

2200 

3^32 

0.689 

45r454 
43,478 

14-23 

5700 

2768 

1.578 

17,543 

2i0O 

30S6 

0.710 

13. 41 

5800 

2766 

X.604 

17,241 

4.77 

2400 

3047 

0.73X 

41,666 

12.69 

5900 

2765 

X.63X 

16,949 

4.68 

2500 

3014 
2986 

0.7S4 

40,000 

X2.05 

6000 

2763 

X.658 

x6,666 

4.60 

2600 

0.776 

38,461 

XI. 48 

6x00 

2762 

1.685 

16,393 

4-53 

2700 

2962 

0.800 

37,037 

10.97 

6200 

2761 

1. 712 

x6,i29 

4-45 

2800 

2941 

0.824 

35.714 

10.50 

6300 

2760 

1  739 

15,873 

4.38 

2900 

2923 

0.848 

34,482 

X0.08 

6400 

2759 

X.766 

15,625 

4.31 

3000 

2907 

0.872 

33,333 

9.69 

6500 

2758 

X.792 

15,384 

4.24 

3x00 

2893 

0.897 

32,258 

9-33 

6600 

2757 

X.8X9 

15,151 

4.18 

3200 

2880 

0.922 

31,250 

S-9° 

5Z°® 

2756 

X.846 

14.925 

4.11 

3300 

2869 

0.947 

30,303 

8.69 

6S00 

2755 

1.873 

14,705 

4.05 

3400 

2859 

0.972 

29,4" 

8.4X 

6900 

2754 

1.900 

14,492 

3.99 

3500 

2850 

0.998 

28,571 

8.X4 

7000 

2753 

X.927 

14,28s 

3-93 

3600 

2842 

X.023 

27.777 

7.89 

7x00 

2752 

1-954 

14.084 

3.88 

3700 

2835 

X.049 

27,027 

7.66 

7200 

2751 

1.98X 

13.888 

3.82 

3800 

2829 

1.075 

26,315 

7-44 

7300 

2751 

2.008 

13,698 

3-77 

3900 

2823 

X.XOX 

25,641 

7.24 

7400 

2750 

2.035 

13,513 

3.72 

4000 

28x7 

X.X27 

25,000 

7.04 

7500 

2749 

2.062 

13,333 

3.66 

4x00 

28x2 

X.153 

24,390 

6.86 

7600 

2749 

2.089 

13,157 

3.62 

4200 

2808 

I.X79 

23,809 

6.68 

7700 

2748 

2.X16 

12.987 

3.57 

4300 

2803 

1.205 

23.25s 

6.52 

7800 

2748 

2. 143 

X2320 

3-52 

4400 

2799 

1.232 

22,727 

6.36 

7900 

2747 

2.X70 

12,658 

3.48 

4500 

2796 

1.258 

22,222 

6.21 

8000 

2746 

2. 197 

12,500 

3.43 

4600 

2792 

X.284 

21,739 

6.07 

8x00 

2746 

2.224 

12,345 

3.39 

4700 

2789 

1.3" 

21,276 

5. 93 

4800 

2786 

X.338 

20,833 

S.80 

8250 

2745 

2.265 

I2,I2X 

3.33 

4900 

2784 

1.364 

20,406 

5.68 

8500 
8750 

2744 
2743 

2-332 

11,764 

IX  ,428 

3.23 
3.13 

5000 

9781 

1. 391 

'   aotOoo 

5.56 

9000 

2742 

2.468 

XX, XIX 

3.05 

5x00 

2779 

1. 417 

19,607 

5-45 

9250 

27<I 

2.536 

xo,8io 

2.96 

5200 

2777 

Z.444 

19,230 

534 

9500 

274D 

2.604 

10,526 

2.88 

S300 

2775 

1. 471 

18.867 

5-23 

9750 

2740 

2.671 

10,256 

2.8x 

S400 

2773 

1.497 

x8,5i8 

5.13 

xoooo 

2739 

2.739 

xo,ooo 

2.74 

Smithsonian  Tables. 


294  Tables  360-362. 

MEDIA  FOR  DETERMINATIONS  OF  REFRACTIVE  INDICES  WITH 

THE  MICROSCOPE. 

TABLE  850.  — Llqvldi,  Bj)  (0.6B9m)  -  1.74  to  1.87. 

In  loo  parts  of  methylene  iodide  at  20°  C.  the  number  of  parts  of  the  various  substances  in- 
dicated in  the  following  table  can  be  dissolved,  forming  saturated  solutions  having  the  permanent 
refractive  indices  speci^ed.  When  ready  for  use  the  liquids  can  be  mixed  by  means  of  a  dropper 
to  give  intermediate  refractions.  Commercial  iodoform  (CHI,)  powder  is  not  suitable,  but  crys- 
tals from  a  solution  of  the  powder  in  ether  ma^  be  used,  or  the  crystalized  product  may  be 
bought.     A  fragment  of  tin  in  the  liquids  containmg  the  Snl4  wil^  prevent  discoloration. 


CHI,. 

Snl4. 

Asl.. 

Sbls. 

S. 

ftj^  at  aoo.       i 

1 

• 

12 

• 

1764 

25 
25 

12 

t 

:i^ 

30 

6 

1.820 

27 

\l 

7 

1.826 

40 

27 

1.842 

35 

31 
31 

H 
16 

8 
8 

10 
10 

1-853 
1.868 

TABLE  S61.  -  RtSlB-Ukt  SubftULOM,  Ujy  (0.689/^)  =  1.68  to  2.10. 

Piperine,  one  of  the  least  expensive  of  the  alkaloids,  can  be  obtained  very  pure  in  straw-colored 
crystals.  When  melted  it  dissolves  the  tri-iodides  of  arsenic  and  antimony  very  freely.  The 
solutions  are  fluid  at  slightly  above  100°  and  when  cold,  resin-like.  A  solution  containing  3  parts 
antimony  iodide  to  one  part  of  arsenic  iodide  with  varying  proportions  of  piperine  is  easier  to 
manipulate  than  one  containing  either  iodide  alone.  The  following  table  gives  the  necessary  data 
concerning  the  composition  and  refractive  indices  for  sodium  light.  In  preparing,  the  constituents, 
in  powder  of  about  i  mm.  grain,  should  be  weighed  out  and  then  fused  aver,  not  in,  a  low  flame. 
Three-inch  test  tubes  are  suitable. 


Per  cent  Iodides. 

00. 

10. 

30. 

30. 

40. 

50. 

60. 

70. 

1 
80. 

Index  of  refraction 

-^ 1 ' 

1.683 

1.700 

1.725 

1.756 

1-794 

1.840 

1.897 

1.968 

2.050 

TABLE  858.  —  Pflmuumt  Sttndird  Rtilnow  MadU,  Hd  (0.688m)  =  1.64A  to  1.888. 

Any  proportions  of  piperine  and  rosin  form  a  homogeneous  fusion  which  cools  to  a  transparent 
resinous  mass.  The  following  table  shows  the  refractive  indices  of  various  mixtures.  On 
account  of  the  strong  dispersion  of  piperine  the  refractive  indices  of  minerals  apparently  matched 
with  those  of  mixtures  rich  in  this  constituent  are  o.ooq  to  o.oi  too  low.  To  correct  this  error  a 
screen  made  of  a  thin  film  of  7  per  cent  antimony  iodide  and  93  per  cent  piperine  should  be 
used  over  the  eye-piece.     Any  amber-colored  rosin  in  lumps  is  suitable. 


Per  cent  Rosin. 

00. 

10 
1.670 

20. 

30. 

40. 

50. 

60. 

70. 

80. 

90' 

too. 

Index  of  refraction 

1-683 

1.657 

1.643 

1.63 1 

1.618 

1.604 

1.590 

1-575 

1.560 

1-544 

All  taken  from  Merwin,  Jour.  Wash.  Acad,  of  Sc.  3,  p.  35,  191 3. 
Smithsonian  Tables. 
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OPTICAL  CONSTANTS  OF  METALS. 

TABLE  868. 
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Two  constants  are  required  to  characterize  a  metal  opticail^,  the  refractive  index,  n,  and  the 
absorption  index,  >,  the  latter  of  which  has  the  following  significance :  the  amplitude  of  a  wave 
after  travelling  one  wave-length,  A^  measured  in  the  metal,  is  reduced  in  the  ratio^  i  :e  —  *^^  or  for 

any  distance  </,  i :  e  — ^.  for  the  same  wave-length  measured  in  air  this  ratio  becomes  i :  e -^^ 

nk  is  sometimes  called  the  extinction  coefficient.  Plane  polarized  light  reflected  from  a  polished 
metal  surface  is  in  general  eliiptically  polarized  because  of  the  relative  change  in  phase  between 
the  two  rectangular  components  vibrating  in  and  perpendicular  to  the  plane  of  incidence.  For  a 
certain  angle,  '^  (principal  incidence)  the  change  is  90*^  and  if  the  plane  polarized  incident  beam 
has  a  certain  azimuth  ^  (Principal  azimuth)  circularly  polarized  light  results.  Approximately, 
(Drude,  Annalen  der  Physik,  36,  p.  346,  1889), 

—  ,  o- .       J  sin  6  tan  a  ,     ,   ,        -_^ 

k  =  tan  2i^  (I  —  cot  %)  and  n  =  r^y^i^r  ('  + 1  cot*^). 

For  rougher  approximations  the  factor  in  parentheses  may  be  omitted.  R  =  computed  per- 
centage reflection. 


(The  points  have  been  so  selected  that  a  smooth  carve  drawn  through  them  very  closely  indicates  the  characteristica 
of  ihe  metal.) 


i 

'       Metal. 

k 

$ 

I 

Computed. 

Authority. 

A 

^ 

1 

n 

k 

nk 

R 

^ 

■ 

% 

Cobalt 

0.331 

64031' 

29O39 

1. 10 

1.30 

'•43 

32. 

Minor. 

.275 

70   22 

29  59 

1.41 

1.52 

2.14   • 

46. 

<i 

1 
1 

.500 

77     5 

31  53 

1.93 

».93 

3-72 

66. 

t( 

1 

1 

.650 

79    0 

31  as 

3.35 

1.87 

4.40 

69. 

Ingersoll. 

1.00 

81  45 

29    6 

3.63 

1.58 

S-73 

73- 

(( 

1.50 

83  21 

a6  18 

5.22 

1.29 

6.73 

75. 

<< 

a.25 

8348 

a6    5 

565 

1.27 

7.18 

76. 

••     / 

Copper 

.»3i 

65  57 

36  14 

».39 

I. OS 

»-45 

29. 

Minor. 

■347 

65    6 

28  16 

1. 19 

1.23 

».47 

3a. 

«< 

.500 

70  44 

33  46 

X.IO 

2.13 

a.34 

11 

41 

.650 

74  «6 

4»  30 

0.44 

7.4 

3.26 

Ingersoll. 

.870 

78  40 

42  30 

WW 
0.83 

XI.O 

3.85 

91. 

(1 

'•75 

!^    ^ 

4a  30 

1 1.4 

9.46 

96. 

i( 

a.25 

85  13 

43  30 

1.03 

1 1.4 

11.7 

97. 

<< 

4.00 

87  20 

42  30 

1.87 

II. 4 

*2-3 

F5rst.-Fr^ed. 

550 

88  00 

41  50 

3.16 

9.0 

38.4 

«»          << 

Gold 

I.OO 

81.45 

44  00 

0.24 

28.0 

6.7 

•<          <« 

1 
j 

a.oo 

85  30 

43  56 

0.47 

26.7 

12.5 

4t                   CI 

1 

3.00 

!2°s 

43  50 

0.80 

'i-s 

19.6 

II                   tl 

5.00 

88  15 

43  25 

I.8I 

18.1 

33- 

(1                   II 

Iridium 

I.OO 

83  10 

29  15 

3.85 

1.60 

6.2 

tC                      t€ 

• 

2.00 

83  10 

29  40 

4.30 

1.66 

71 

(<                       t( 

3.00 

81  40 

30  40 

3-33 

1.79 

6.0 

II                      II 

S-oo 

79  00 

32   2Q 

227 

2.03 

4.6 

II                      II 

Nickel 

0.420 

72  20 

3«  42 

1.41 

1.79 

2.53 

54. 

Tool. 

o.58g 

76     I 

31  4» 

1.79 

t.S6 

3-33 

62. 

Drude. 

0.750 

78  45 

3a     6 

2.19 

1.99 

4.36 

70. 

Ingersoll. 

1.00 

80  33 

33     2 

2.63 

2.00 

5.26 

74. 

•1 

a.25 

^4   2t 

33  30 

3-95 

a-33 

9.20 

85. 

II 

Platinum 

I.OO 

75  30 

37  oo 

1. 14 

3-25 

3.7 

Forst-Fr^d. 

2.00 

74  30 

39  50 

0.70 

5.06 

35 

it          II 

3.00 

73  50 

41  00 

0.52 

b.52 

•  3.4 

II          II 

5.00 

72  00 

42  10 

0.34 

9.01 

3.1 

II          II 

Silver 

0.226 

62  41 

22  16 

1.41 

0.75 

I. II 

18. 

Minor. 

.293 

63   14 

18  56 

1.57 

062 

0.97 

17- 

>i 

.316 

52  28 

15  38 

1.13 

0.38 

0.43 

4- 

II 

■332 

5a     t 

37    a 

0.41 

1.61 

0.65 

.32. 

it 

•395 

6636 

43    6 

0.16 

12.33 

1. 91 

87. 

ii 

.500 

7a  31 

43  29 

0.17 

17.1 

2.94 

93. 

It 

•589 

75  35 

43  47 

0.18 

30.6 

3.64 

95- 

tl 

•750 

79  a6 

44    6 

0.17 

30.7 

5-i6 

97- 

Ingersoll. 

I.OO 

82    0 

44    a 

0.24 

29.0 

6.96 

98. 

II 

1.50 

84  42 

43  48 

0.45 

23 -7 

10.7 

98. 

• 

2.25 

86  18 

43  34 

0.77 

19.9 

»S-4 

9^. 

•I 

3.00 

87  10 

42  40 

1.65 

12.2 

20.1 

F&rst.-Fr^ed. 

4-50 

88  ao 

41   10 

4.49 

7.4a 

33.3 

<i          II 

St«el 

0.226 

66  51 

28  17 

1.30 

1.26 

1.64 

35- 

Minor. 

.a57 

6835 

28  45 

1.38 

».35 

1.86 

40. 

II 

■335 

69  57 

30    9 

T-37 

»S3 

2.09 

45. 

tl 

.650 

,75  47 

29    2 

2.09 

1.50 

3«4 

57- 

II 

77  48 

27    9 

3.70 

1-33 

3.59 

59- 

Ingersoll. 

1.50 

81  48 

aS  51 

371 

».55 

5-75 

73- 

II 

1 

2.35 

83  aa 

30  36 

4»4 

1.79 

7.4« 

80. 

it 

Drude,  Annalen  der  Physik  und  Chemie,  39.  {>'  481,  1890;  42.  p.  t86,  1891;  64,  p.  159,  1898.  Minor,  Annalen 
der  Phvsik,  10,  p.  581,  1903.  l*ool,  Physical  Review.  31,  p.  i,  1910.  Ingersoll,  Astropnysical  JoumaU,  33,  p.  365, 
1910;  Fdrsterling  and  Fr^edericksz,  Annalen  der  Physik,  40,  p.  201,  1913. 

Smithsonian  Tables. 


296 


Tables  364-365. 

OPTICAL  CONSTANTS  OF  METALS. 

TABLE  S64. 


Metal. 


Al» 

Sb» 

Bi.t| 

Cd» 

Cr» 

Cb» 

Au.t 


I.  crys. 

Ir* 

Fe.§ 


Pb» 
Mg» 
Mn* 
Hg.  (liq.) 


Fd» 
Pt.t 


Ni» 


M 
0.589 

.589 
white 

589 

579 

579 

257 
441 

589 

579 

257 
441 

589 

589 

589 

579 
326 
441 

8 


n. 


579 
257 

668 

275 
441 

589 


1.44 

3-04 
2.26 

113 
2.97 

1.80 

0.92 

1.18 

0.47 

3-34 
2.13 

I.OI 

1.28 
1.51 
2.01 

0.37 
2.49 

0.68 

1.01 

1.62 

1.72 

1.62 

1.17 

1.94 

2.63 

2.91 

1.09 

1. 16 

1.30 


k. 


5-32 
4.94 

5.01 
4.85 

2.1 1 

1. 14 
1.85 
2.83 

0.57 
4.87 
0.88 

1-37 
1.63 

3-48 
4.42 

3^89 
2.26 

342 
4.41 

4.70 

3-41 
1.65 

3.16 
3- 

3- 
1. 16 

1.23 
»-97 


R. 


Ref. 


83 
70 

85 
70 

41 
28 

42 

82 

30 

11 

28 
3 

64 
66 

74 
75 
77 
65 

58 

59 

59 
24 

25 
43 


I 
I 

2 
I 

3 

3 

4 

4 

4 

4 

3 

4 

4 

4 
I 

I 

3 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 


Metal. 


I 


Rh.* 

Set 


Si.» 


Na,  (liq.) 
Ta.» 
Sn* 
W.* 

v.* 

Zn.» 


A. 


579 
400 

760 

589 

25 
2 

579 

589 

579 

579 

257 
441 

589 

668 


5^ 


n. 


1.54 
2.94 
3.12 

2.93 
2.60 

4.18 
3-67 

3-53 
.004 

2.01 


I. 

2.76 

303 

0-55 

0-93 

1-93 
2.62 


4.67 
2.31 
1.49 

0.45 
0.00 
0.09 
0.08 
0.08 
2.61 
2.31 

5-25 
2.71 

0.61 

4.66 
5.08 


7^ 

44 

35 

25 
20 

38 
33 
31 
99 
44 
82 

49 

58 
20 

73 
74 
73 


ReL 


3 
5 
5 
5 

I 

6 
6 
I 

3 

I 

3 
3 

4 
4 
4 
4 


X  =  wave-length,  n  =  refraction  index. 

k  =  absorption  index,  R  =  reflection. 

(i)  Drude,see  Table  2oq;  (2)  Kundt, prism 
used,  Ann.  der  Physik  una  Chemie,  34,  p.  477, 
36,  p.  824,  1889;  (3)  V.  Wartenberg,  Vcrh. 
deutsch.  Physik.  Ges.  12,  p.  105,  1910;  (4) 
Meier,  Annales  der  Physik,  10,  p.  581,  1903 ; 
is)  Wood,  Phil.  Mag.  (6),  3.  607,  1902 ;  (6) 
Ingersoll,  s^g  Table  205. 

*  solid,  t  electrolytic,  t  prism,  §  deposited 
as  film  in  vacuo. 


TABLE  SS6.~Befl0ctinff  Power  of  Motals.     (See  fiage  jpS.) 


Wave- 

u 

• 

• 

length 

• 

< 

d 

3 

a 

r 

1-^ 

6A 

0 

2 

i 

m 

03 

fi 

• 

^ 

^ 

• 

• 

e 
N 

M 

Per  cents.                                                                          1 1 

•i 

_ 

_ 

.. 

_ 

• 

22 

__ 

72 

46 

^ 

76 

34 

38 

^ 

^ 

49 

S7 

^ 

— 

53 

— 

— 

24 

— 

73 

48 

— 

11 

32 

^5 

4? 

— 

51 

^ 

- 

.8 

— 

54 

— 

— 

25 

— 

74 

52 

— 

29 

64 

48 

— 

It 

— 

I.O 

7' 

^ 

S7 

67 

27 

l^ 

74 

If 

72 

84 

28 

78 

50 

5^ 

61 

80, 

2.0 

82 

72 

35 

87 

77 

81 

91 

28 

90 

52 

61 

«5 

69         92    II 

4.0 

92 

68 

^ 

81 

48 

94 

84 

90 

88 

92 

28 

93 

li 

l^ 

93 

9Z 

7-0 

96 

71 

^ 

93 

54 

95 

91 

93 

94 

94 

28 

94 

81 

95 

80 

95 

1 0.0 

9S 

72 

98 

97 

59 

96 

- 

94 

97 

95 

28 

- 

84 

9° 

- 

98 

12.0 

98 

99 

97 

96 

95 

97 

95 

85 

96 

99 

Coblcntz,  Bulletin  Bureau  of  Standards,  2,  p.  457, 1906,  7,  p.  197, 191X.  The  surfaces  of  some  of  tbe 
samples  were  not  perfect  so  that  the  corresponding  values  nave  less  weight.  The  methods  for  polishing 
the  various metala are  described  in  the  original  articles.  The  following  more  recent  values  are  given 
by  Coblentz  and  Emerson.  Bui.  Bur.  Stds.  14,  p.  207, 1917;  Stellite,  an  exceedingly  hard  and  untarnish- 
able  alloy  of  Co,  Cr,  Mo,  Mn,  and  Fe  (C,  Si,  S,  P)  waa  obtained  from  the  Hay  net  Stellite  Co,  Kokomo, 
Indiana. 

Wave-length,  /»,     .15      .30      .30 

Tungsten,  _        _        — 

Stellite,  .32      .42      .50 

Smithsonian  Tablcs. 
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.75 

1.03 

a. 00 

3.00 

•50 

.5a 

.576 

.900 
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.67 
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.747 

,79a 

4.00     5-00     9.00 


.825      .8<|8 
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According  to  Fresnel  the  amount  of  light  reflected  by  the  surface  of  a  transparent  medium 

=  l(A  +  B)=-\  ^!"!  !*  T ^\  +  ^"^!!*'T^!  [  ;  ^  is  the  amount  polarized  in  the  plane  of  inci- 
"  *      '  2  r  sm-*  (/  +  r)       ton^  {t-\-r)  ) 

dence ;  B  is  that  polarized  perpendicular  to  this ;  /  and  r  are  the  angles  of  incidence  and  refraction. 
TABLE  S66.  —  Llfflit  rtflMtad  whtn  <  -  0°  or  Inddont  Llglit  It  Vonnal  to  SuIaoo. 


M, 

0.00 

M. 

i(A+B). 
2.78 

n. 

h(A-\-/t).\ 
II. II 

M. 

hiA+B). 

1.00 

1.4 

2.0 

5- 

44.44 

1.02 

0.01 

\i 

4.00 

2.25 

14.06 

5-83 

50.00 

1.05 

0.06 

5-33 
6.72 

2.5 

i8.y 
22.89 

10. 

66.67 

I.I 

0.23 

'Z 

2.75 

100. 

96.08 

1.2 

0.83 

1.8 

8.16 

3. 

25.00 

CO 

100.00 

1-3 

1.70 

>.9 

963          4. 

36.00 

TABLE  S67.— Light  rtflootod  whon  n  li  noar  Unity  or  oftnals  1  +  dn. 


A-  B^ 

L 

A, 

B. 

\(A-\-B). 

-• 

A->tB 

0« 

1.000 

1. 000 

1. 000 

0.0 

5 

1-015 

.985 

1. 000 

1-5 

10 

1.063 

I.OOI 

6.2 

'5 

I.149 

.062 

1.005 

14.3 

20 

1.282 

•752 

I.0I7 

26.0 

25 

1.482 

.612 

1.047 

41-5 

30 

1.778 

.444 

I. Ill 

6ao 

35 

2.221 

.260 

1.240 

79-1 

40 

2.904 

.088 

1.496 

94.5 

45 

4.000 

.000 

2.000 

100.0 

50 

5.857 

.176 

.  3016 

94.5 

55 

9.239 

I.081 

5.160 

79.1 

60 

16.000 

4.000 

10.000 

60.0 

65 

3»-346 

12.952 

22.149 

41.5 

70 

73-079 

42.884 

57.981 

26.0 

75 

222.85 

167. 16 

195.00 

14-3 

80 
85 

1099.85 
17330.64 

i68o8!o8 

1035-53 
17069.36 

6.2 
«.5 

90 

00 

00 

00 

• 

0.0 

TABLE  S68.^  Light  xiflootid  whon  n  -  l.M. 


A  -  B  ^ 

(. 

r. 

A, 

B, 

dAA 

dBA 

iM+-ff). 

• 
A-\-B 

0       9 

0     / 

0 

0    0.0 

4.65 

4.65 

0.130 

0.130 

4.6s 

0.0 

5 

3  «3.4 

4-70 

4.61 

.«3i 

.139 

4.65 

x.o 

10 

6  25.g 

4.84 

4-47 

.135 

.ia6 

4.66 

4.0 

»5 

9  36.7 

5.09 

4.»4 

.141 

.131 

4.66 

9« 

ao 

I  a  44.8 

5-45 

3.9a 

JSO 

.114 

4.68 

X6.4 

25 

IS  49-3 

5.95 

3-So 

.161 

.105 

4.73 

35.9 

30 

18  49-1 

6.64 

3.00 

.«75 

.094 

4.82 

37.8 

35 

ai  43.1 

Z-5S 

a. 40 

49» 

W081 

4.98 

5i-7 

40 

24  30-0 

8.77 

1.08 

.aio 

.066 

5.26 

S^-7 

45 

27    8.5 

X0.38 

.233 

.049 

5.73 

81.3 

50 

29  37- » 

"•54 

0.46 

.363 

.027 

6.50 

92.9 

55 

31  54-a 

15.43 

0.05 

.303 

xxyj 

7-74 

99-3 

60 

33  58- « 

«9.3S 

0.12 

•342 

—.013 

9.73 

98.8 

65 

35  470 

34.69 

i-i3 

•375 

—.032 

13.91 

91.3 

70 

37  »9.« 

3».99 

4.00 

.400 

—.050 

18.00 

77.7 

75 

38  3»-9 

4ajoo 

X0.38 

■  .4x0 

-.060 

36.19 

61.8 

80 

39  26.8 

55' 74 

a3-34 

.370 

—  .069 

39  54 

41.0 

82  30 

39  45-9 

64.41 

34-04 

.320 

—•067 

49-2»  ; 

30.8 

85    0 

39  59.6 

74.5a 

49.03 

.250 

— .o6f 

61.77 

:ao.6 

86    0 

40    3.6 

79.02 

56.62 

.ao9 

-.055 

67.83 

16.$ 

87    0 

40    6.7 

83.80 

65.32 

.163 

—.046 

74.56 

13.4 

88    « 

40    8.9 

88.88 

If -3' 

.118 

—.036 

82.10 

,8-3 

89    0 

40  lo.a 

94.28 

86.79 

.063 

—.023 

90-54 

4.« 

90    0 

40  10.7 

100.00 

100.00 

<ooo 

—,000 

100.00 

0.0 

Angle  of  total  polarization  ^  57°  lo'.s,  A  =  16.99. 

*  This  column  jdves  the  degree  of  polarization  t  Colymns  5  and  6  furnish  a  means  «| 

determining  A  and  B  for  other  values  of  n.  They  represent  the  change  m  these  quantities  for  a  change  of  »of  0.01. 

Taken  from  E.  C.  Pickering's  "  Applications  of  FresnePs  Formula  for  the  Reflectioa  of  X.ight.'* 
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Tables  369-360. 

REFLECTING  POWER  OF  METALS. 

TABLE  868.  —  P«rp0ndioiil«r  Xnoidsaoo  and  R«flMtlaB.   (See  also  Tables  352-355O 

The  numbers  give  the  per  cents  of  the  incident  radiation  reflected. 


• 

4. 

1 

1 

i 

1 

• 

0 

1 
t 

V 

J  li 

n 

•Si 
n9> 

1  . 

-  to 

k 

(4 

1 

t 

If 
1 

• 

1 

1 

Gold. 
lectrofytically  Deposited, 

I- 

a  1 

1-: 

67.0 

f<J 

«<j 

25.9 

t<l 

^ 

.2^8 

. 

.. 

35.8 

29.9 

37.8 

^ 

32.9 

33-8 
38.8 

38.8 

_ 

34-1 

— 

— 

70.6 

37'i  1  37-7 

42.7 

— 

35-0 

24.3 

34.0 

— 

21.2 

•30s 
.316 

— 

— 

72.2 

37-2  !  4'-7 

44.2 

— 

37-2 

253 

39.8 

318 

— 

9^1 

- 

- 

— 

— 

1 

— 

— 

- 

— 

— 

— 

4.2 

.326 

— 

— 

75-5 

39-3 

-       4S-2 

-  :  46.S 

— 

40.3 

24.9 

414 

28.6 

— 

14.6 

•338 

- 

- 

— 

— 

— 

- 

— 

— 

— 

55-5  > 

•357  • 

— 

- 

81.2 

43-3 

51.0  !  48.8 

— 

45.0 

273 
28.6 

434 

27.9 

— 

Z^5 

'3^S 

^^ 

«3.9     44.3 

1 

83.3  1  47.2 

53- 1  1  49-6 

t 

56.4     56.6 

47.8 

454 

27.1 

_ 

8i4 

.420 

^ 

^ 

51-9 

32.7 

51.8 

29.3 

^ 

8d6 

•450 

hi 

72.8 

83.4  ;  49.2 

00.0 

^.i 

48.8 

54.4 

37.0 

54.7 

33-* 

— 

90.5 

.500 

86.6 

70.9 

833     49-3 

63.2 

53-3 

54.8 

437 

584 
61. 1 

47.0 

— 

91-3 

•^ 

88.2 

71.2 

82.7 

48.3 

64.0 

62.6 

595 

54.9 

47-7 

74.0 

— 

92.7 

88.1 

69.9 

83.0 

47-5 

643 

64.9 

835 

5M 

71.8 

64.2 

844 

— 

92.6 

.650 

89.1 

715 

82.7 

51-5 

^1 

66.6 

89.0 

564 

80.0 

66.5 

88.9 

- 

94-7 

.700 
.800 

89.6 

72.8 

83-3 

54.9 

68.8 

90.7 

57.6 

83.1 

69.0 

92.3 

^ 

95-4 

^ 

84.3 

63.1 

^ 

69.6 

■■» 

58.0 
63.1 

88.6 

703 

94-9 

^ 

96.8 

I.O 

- 

- 

84.1 

69.8 

70.S 

72.0 

- 

90.1 

72.9 

— 

— 

97.0 

'•5 

- 

- 

85.1 
86.7 

Z9' 

75.0     78.6 

- 

70.8 

93-8 

77-7 

96.8 

— 

98.2 

2.0 

- 

- 

82.3 

80.4 

m 

- 

76.7 

955 

80.6 

91.0 

97.8  ' 

30 

- 

- 

57-4 

85.4 

•86.2 

- 

83.0 

97.1 

88.8 

- 

93-7 

98.1 

4.0 

- 

- 

88.7 

87.1 

88.5 

91. 1 

- 

87.8 

97.3 

91-5 

96.9 

95-7  ' 

98.5 

5.0 

- 

- 

89.0 

87.3 

89.1 

94-4 

— 

89.0 

97-9 

93-5 

97.0 

95-9 

98.1 

7-0 

-  . 

- 

90.0 

88.6 

90.1 

94.3 
95.6 

— 

92.9 

98.3 

95-5 

98.3 

97.0 

^•5 

9.0 

— 

— 

90.6 

90.3 

92.2 

- 

92.9 

98.4 

954 

98.0 

97.8 

98.7 

1 1.0 

- 

— 

90.7 

90.2 

92.9 

95-9 

— 

94.0 

98.4 

95.6 

98.3 

96.6 

98.8 

14.0 

92.2 

90-3 

93-^ 

97.2 

96.0 

97-9 

96.4 

97-9 

98.3 

» 

Based  upon  the  work  of  Hasen  and  Rubens,  Ann.  der  Phvs.  (i)  35a,  1900;  (8)  i,  1903;  (11)  873,  190^. 
Taken  partly  from  LandoU-£(6m8tein-MeyerhofiEer*s  Physikalisclvchemische  Tabellen. 


TABLE  860.  —  Ptronitaca  Diffnst  RtflMrtton  from  MlsotUuiwnu  Salnfiimi. 


Wave- 
length 

Lamp-blacks. 

sg 

£•' 

I.I 
1.4 
2.1 
4-2 

Green  leaves. 

• 

V 

5 

52. 

26. 
10. 

4 

• 

< 
84. 

88. 
21. 

2. 

6. 

• 

•g 

U 

• 

I 

& 

Lead 
carbonate. 

1 

< 
15- 

• 

1 
1 

1.8 

3-7 
2.7 

1 

s 

14. 

21. 

1 

• 

•0 

30. 
12. 

1 

c 

• 

c 

1-3 
'•3 

3-0 

g 

< 

0.6 

.8 

1.2 

2.1 

i 
6 

•.60 

••95 

44 

8.8 

24.0 

3.2 
34 

3.8 
44 

l.l 

•9 

1.3 
4.0 

'•3 
1.2 

1.6 

5-7 

25- 

82. 

86. 
8. 

3- 
5- 

5- 

89. 

93- 
29. 

II. 

7- 

*^Not  monrichromatic  (max.)  means  from  Coblentz,  J.  Frankiia  Inst.  1912.  Bulletin  Bureau  of  StandardSi  9,  p.  2831 
1912,  GorttaiDS  many  other  materials. 
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Taken  from  "The  Physical  Basis  of  Color  Technology,"  Luckiesh,  J.  Franklin  Inst,  Z9X7-  The  total  reflecting 
power  depends  on  the  distribution  of  enezvy  in  the  iUumizumt  and  is  given  in  the  last  three  cnhimret  for  noon  sun,  Uue 
sky,  and  for  a  7.9  lumens/watt  tungsten  nJament 


Spectrum  color. 

Vio- 
let. 

0.44 

8 
5 

I 

4 

za 
22 

8 
20 

5 

13 
zo 

7 
67 

Blue. 

Green. 

YeUow. 

Orange. 

Red. 

M 

d 

1 

14 

XX 
XX 

xo 
zx 

58 

33 
49 
54 

76 
19 

\t 

7 

1 

xa 

xo 

xo 

9 

9 

30 

55 

46 
50 

70 
19 

It 

xo 

d 

ft 

H 

xa 

X3 
xa 

XX 

13 

37 
63 
40 
$3 
63 

82 
z8 

Z2 

'I 

Wave-length  in  fi 

0.46 

6 
5 
7 
7 

4 

13 
22 

9 
20 

5 

13 
zo 

7 
S8 
54 

0.48 

S 
5 
7 
7 

4 

13 

23 

7 
az 

6 

z8 

14 
zo 

49 
38 

0.50 

0.5a 

O.S4 

0.56 

0.58 
zz 

Z2 

za 
zz 
14 

43 
71 

fs 

75 

89 
17 
zz 
zo 
3 

0.60 

24 
19 
z6 

15 
z8 

46 

75 
60 

64 
78 

90 

14 

9 

xo 

3 

0.6a 
39 

?S 

x8 
20 

46 

74 
6a 
6x 
79 

89 
zz 

7 
xo 

4 

0.64 

53 
a8 
ao 
ao 

2X 

45 
73 
66 
60 
81 

88 

t 

XX 

5 

0.66 

6x 
30 
aa 
aa 
23 

44 
73 
8a 

59 
8z 

87 

8 

6 
IS 

7 

0.68 

66 
32 
23 
23 
24 

45 

P 
8z 

59 
8z 

85 

I 
ao 
zo 

0.70 

65 
32 
24 
24 
25 

43 
72 
80 

59 
8x 

84 
6 

5 
25 
17 

American  vermilion 

Venetian  red 

5 

1 

7 

4 

13 

27 

7 

't 

30 

23 
2X 

35 
ax 

6 

7 
5 

z8 
40 
zo 
32 
x8 

S6 
26 
az 

23 
zo 

6 
6 
8 

7 
6 

26 
53 
19 
42 

48 

82 
23 
17 

'1 

9 
7 
8 

7 
9 

il 

30 

53 

66 

88 
ao 

Z3 
zz 

4 

Tuscan  red 

Indian  red 

Burnt  sienna 

Raw  sienna 

Golden  ochre 

Chrome  yellow  ochre. . . 
Yellow  ochre 

Chrome  yellow  medium . 

Chrome  yellow  Uffht. . . 

Chrome  green  lignt 

Chrome  green  medium.. 
Cobalt  blue 

Ultramarine  blue 

TABLE  861.  —  Infrs-red  Diffuse  Percentage  Reflecting  Powers  of  Dry  Pigments. 


Wave- 
length 
in  fi 

3 

9 

27 

52 

i 

a6 

74 

70 

h 

i 

86 

% 

8a 

ft 
86 

3 

8s 

86 

88 

85 

1. 

76 

H 

68 

0.6©* 

0.95  * 

4 

24 

45 

— 

41 

— 

— 

KK 

— 

86 

— 

— 

84 

93 

89 

79 

72 

4-4 

14 

IS 

33 

SI 

30 

34 

41 

ax 

47 

8 

x6 

aa 

23 

29 

XX 

— 

— 

8.8 

^ 

— 

5 

26 

4 

zx 

5 

20 

7 

3 

a 

i 

S 

xo 

4 

— 

— 

24.0 

6 

4 

8 

ZO 

9 

10 

7 

6 

zo 

5 

9 

5 

7 

9 

*  Non-monochromatic  means  from  Coblentz,  Bui.  Bureau  Standards  9,  p.  a83,  19x2. 

For  the  reflectino  (and  transmissive)  power  of  roughened  sukfaces  at  various  angles  of  incidence,  see  Gorton, 
Physical  Review,  7,  p.  66,  19x6.  A  surface  of  plate  glass,  ground  uniformly  with  the  finest  emery  and  then  sQvered, 
used  at  an  angle  of  75*,  rdSected  90  per  cent  at  4fjt,  ajmroached  xoo  for  longer  waves,  only  10  at  ifjt,  less  than  5  in  the 
visible  red  and  approached  o  for  shorter  waves.  Similar  results  were  obtained  vrith  a  plate  of  rock  salt  for  transmitted 
energy  when  roughened  merdy  by  breathing  on  it  In  both  cases  the  finer  the  surface,  the  more  suddenly  it  cuts  off 
the  short  waves. 
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Tables  ses-MB. 

REFLECTING  POWER. 

TABLE  363.  —  Reflecting  Power  of  Powders  (White  Light). 


Various  pure  chemicals,  very  finely  powdered  and  surface  formed  by  pressing  down  with  glass  plate.    White  (doqq 
sunlight)  light.    Reflection  m  per  cent.    Nutting,  Jones,  Elliott,  Tr.  111.  Eng.  Soc.  9,  593,  19x4. 


Aluminum  oxide 83 . 6 

Barium  sulphate 81 .  x 

Borax 8x .  6 

Boric  acid 83.2 

Calcium  carbonate 83.8 

Citric  acid 81 . 5 


Magnesium  carbonate 86. 6 

(block)  88.0 

Magnesium  oxide 85 . 7 

Rochelle  salt 79.3 

Salicylic  acid 81 .  x 

Sodium  carbonate 81 .8 


Sodium  chloride 78.1 

Sodium  sulphate 77. v 

Starch 80.3 

Sugar 87  8 

Tartaric  acid 79  i 


TABLE  364.  —  Variation  of  Reflecting  Power  of  Surfaces  with  Anfl^e. 

Illumination  at  normal  incidence,  i\  watt  tungsten  lamp,  reflection  at  angles  indicated  with  nonnaL  DL  Eng.  Soc. 
Glare  Committee,  Tr.  111.  Eng.  Soc.  xx,  p.  92, 1916. 


Angle  of  observation. 


Magnesium  carbonate  block 

Magnesium  oxide 

Matt  photographic  paper . . . 

White  blotter 

Pot  opal,  ground 

Flashed  opal,  not  ground . .  , 

Glass,  fine  ground 

Glass,  course  ground 

Matt  varnish  on  foil 

Mirror  with  ground  face 


o« 

X* 

3' 

s" 

xo* 

IS* 

3o* 

45* 

1 
6o" 

0.88 

0.88 

0.88 

0.87 

0.83 

0.7a 

0.68 

0.80 

— 

— 

0.80 

0.80 

0.80 

0.77 

0-75 

0.66 

0.78 

— 

— 

0.78 

0.78 

0.78 

0.78 

0.76 

0.72 

0.76 

— 

— 

0.76 

0,76 

0.76 

o.7s^ 

0.70 

0.67 

0.69 

0,69 

o.6g 

0.69 

0.69 

0.69 

0.68 

0.66 

0.64 

XI. 3 

11.3 

IX. 3 

0.31 

0.22 

o.ai 

o.ao 

o.ao 

o.x8 

0.29 

0.29 

0.29 

0.29 

0.27 

o.ao 

0.14 

0.13 

o.ia 

0.23 

0.2a 

o.ai 

o.ao 

O.X9 

o.x6 

O.XI 

O.XI 

0.12 

0.83 

— 

0.78 

0,7a 

0.6a 

0.49 

o.aS 

o.ai 

o.x6 

4-9 

^^^ 

~ 

4  55 

3.86 

3.03 

0.78 

0.4a 

0.35 

1 

The  following  figures,  taken  from  Fowle,  Smithsonian  Misc.  Col.  kS,  No.  8,  indicate  the  amount  of  eneray 
scattered  on  eaoi  side  of  the  directly  reflected  beam  from  a  silvered  minor;  the  energy  at  the  center  of  the 
reflected  btaaa  was  taken  as  100,000,  and  the  angle  of  incidence  was  about  3*. 


Angle  of  reflection,  3' 
Energy 


0' 

8' 

10' 

IS' 

ao' 

30' 

45' 

60' 

xoo' 

100,000 

600 

344 

X46 

X07 

66 

33 

22 

XX 

Wave-length  of  max.  energy  of  Nemst  lamp  used  as  source  about  a/i. 


TABLE  365.  —  Infra-red  Reflectivity  of  Tungsten  (Temperature  Variation). 

Three  tungsten  mirrors  were  used,  —  a  polished  Coolidge  X-ray  tanet  and  two  polished  flattened  wires  mounted 
in  evacuated  soft-glass  bulbs  with  terminak  for  heating  electrically.    Weniger  and  Pfund,  J.  FrankUn  Inst 


Wave- 
length 
in/i. 

Absolute  reflec- 
tivity at  rtxim 
temperature 
in  per  cent. 

Per  cent  increase  in  reflectivity  in 
going  from  room  temperature  to 

1377' K 

Idas'*  K 

1853' K 

aos6*  K 

0.67 
0.80 
1.27 
1.90 
a.oo 
a. 90 
4.00 

SI 
55 
70 

83 
85 
92 
93 

+6.0 

0.0 
-6.6 

-75 
-7.7 

+7.4 

0.0 
-8. a 
-9  3 
-9.4 

+8.7 

0.0 

-9.6 

—  10.9 

—II. I 

+9.8 

+8.  a 

0.0 

— xx.o 

—  ia.3 

-12.5 

-12. 5 

See  also  Weniger  and  Pfund,  Phys.  Rev.  xSt  P-  4a7i  X0i9> 
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Percentage  tnuosmiasioiis  of  aqueous  solutions  taken  from  The  Physical  Basis  of  Color-Technology,  Ludciesh,  J. 
Franklin  Inst.  184,  1917- 


Spectnun  color  —> 


Wave-length  in  /i 


Ckimen  ruby  opt 

Amido  nai^thol  red 

Coccinine 

Ecythrosine 

Heniatoxyline 

Alizarinered 

Acid  rosolic  (pure) 

Rapid  filter  red 

Aniline  red  fast  extra  A 

Pinatype  red  fast 

Eosine 

Rose  benjgal 

Cobalt  nitrate 

Tartrazine 

Chryaoidin 

Aurantia 

Aniline  yellow  phosphine.  . . . 

Fluorescein 

Aniline  ydlow  fast  S 

Methyl  orange*  indicator 

Uranine 

Uranine  naphthaline 

Orange  B  naphthol 

Safranine 

Martins  gelb 

Naphthol  yellow 

Potassitun  bichromate,  sat. . . 
Cobalt  chromate 

Naphthol  green 

Brilliant  green 

Filter  blue  green 

Malachite  green 

Saurgrttn 

MethylengrOn 

Aniline  green  naphthol  B 

Neptune  green 

Cupric  chloride 

TnmbuU's  blue 

Victoria  blau 

Prussian  blue  (soluble) 

Wasser  blau 

Resorcine  blue 

Toluidin  blau 

Patent  blue 

Dianil  blue 

Fater  blue 

Aniline  blue,  methyl 

Magenta 

Gentiana  violet 

Rosazeine 

Iodine  (dense) 

Rhodamine  B 

Acid  violet 

Cyonine  in  alcohol 

Xylene  red 

Methyl  violet  B 


Violet. 


6 

I 
I 
4 


69 


IS 


IS 


17 

'  a 

4 

35 

3 
28 

3 

77 

S8 
Sa 

66 

89 

66 
83 
7 
4 
92 


I 


21 
89 

SO 

81 
84 
7 
39 
25 


Blue. 


.46  .48 


3 

z 

3 


70 
51 


4 
39 
49 

12 

29 

31 
6 

84 

60 
23 
71 


31 
91 
69 


8 


71 
76 

X 

23 

4 


7 

2 


34 

40 


I   — 
—    I 


z   — 


36   62 


7 
69 
64 
20 

57 
32 
14 
63 
89 

56 

7? 

SI 

6 

13 
84 
59 
66 

78 

2 

64 

2 


45 
68 


Green. 


50  .52  -54 


13 
3 


14 

4 


12 

6 

z 

2 


6 
31 


32 


—    7 


48 


52 


2 
48 
43 


3 
20 

91 
84 


z 
4 


S8 
53 


96 

77 

X 


z 
z8 


43 
74 


82   88 


2Z 

30 

52 

'1 

60 

z 

^? 

39 
17 

24 

34 

41 

13 

93 

92 

84 

91 

10 

90 

36 

4 
37 


SI 

I 

69 
36 

2 

3 

76 
48 
44 
52 

z 
44 


19 

7 
40 

I 
89 


38   28 


60 

7 

I 
I 

65 

35 
27 
27 


46 
z 


46 

24 

17 

9 


26   X9 


13 
50 


2 
33 


36 


Yellow. 


56  .58 


I 

13 
zz 

3 
zo 

Z3 


z 

14 

67 


23 

43 
97 
96 

X 

97 
83 

43 


91 
96 
60 
92 


29 

13 


4 

2 

32 


80 

z8 
32 


24 

IS 

14 

3 

z 
15 


4 
S3 
25 
22 

38 
47 
34 


I 


4 
82 


75   86 


53 
60 

98 
96 

31 
7 
3 

88 


1: 


94 

93 

x6 


z 
z 

14 


67 

9 
20 


8 

9 
19 

2 

22 

zo 

6 


27 


23 
34 


Orange. 


,60  .62  .64 


4 
56 
90 
44 
39 


4 
38 
96 
95 
54 
54 


7?  88 

86  95 
55  72 
II  35 

87  93 
96  97 
87  90 

91  95 

2  23 
82  93 

67  75 

98  98 

96  96 
70  79 

97  97 
84  8S 
95  96 

3  27 
95  95 


z8 
75 
98 
96 
63 
6s 
90 

t 

55 

98 
90 

96 
so 
96 
8z 


95 


U 

97 
64 

89 
96 


z   — 


52 

5 

Z2 

Z 
Z 

2 

3I 

2 

73 
13 
55 


36   X9 


3 

z 

7 

2 
2 


5 
56 

4 

93 
42 
90 


83 
49 


96 
70 


X 

4 
5 
6 

14- 

X 

7 

74 

8 

97 

u 

i 


27  79 


97 
3 


37 
92 

98 
96 

73 
72 

91 
96 

88 

65 
92 
98 
90 

97 
71 
96 
8S 
98 

97 
86 

il 

95 
98 
89 
96 


21 

3 

x8 

41 

t 
li 

z6 

97 
92 
98 

96 
96 

z 

97 
26 


Red. 


66  .68  .70 


49 
96 
98 
96 
78 

77 
92 

96 
90 
68 
92 
98 
90 

98 

98 


97 
93 
95 
98 

96 


Z2 

4 
3 


49 

3 

37 

'A 

42 
25 


97 
9 


zz 

96 
13 
97 
63 


60 
96 

98 
96 
82 

79 
92 

96 
93 

69 
92 
98 
90 

98 
79 
96 
87 
98 


1 

97 
87 
97 
93 
95 


95 


23   64 


50 
30 
28 


73 

60 
72. 

78 
53 
92 
45 

97 


u  ss 


23 
23 

96 
89 


For  the  infra-red  transmission  (to  z2/i)  and  reflection  powers  of  a  number  of  aniline  dyes,  see  Johnson  and  Spence, 
Phys.  Rev.  5,  p.  349,  Z9X5. 
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Tables  367-369. 
TRANSMISSIBILITY  OF  RADIATION  BY  JENA  GLASSES. 


TABLE  Se7. 

Coeflficients,  a,  in  the  formula  It  =  /©a*,  where  /©  is  the  Intensity  before,  and  It  after, 
transmission  through  the  thickness  t.  Deduced  from  observations  by  Miiller,  Vogel, 
and  Rubens  as  quoted  in  Hovestadt's  Jena  Glass  (English  translation). 


Unit  1=1  dm. 

Coefficient  of  transmiasion,  a.                                            1 

1 

375  M 

3QO  M     .400  M 

*434M 

■436  M 

•455  M 

•477  M 

• 

.503  M 

.580** 

.677  Ml 

•939  1 

O  340,  Ord.  light  flint 

.388 

.456 

.614 

.569    1    .680 

•834 
.663 

.880 

.880 

.878 

O  I02,  H'vy  silicate  flint 

•  - 

.025 

.463 

.502 

.566 

.700 

.782 

.828 

•794  ' 

U   93,  Ord.         "        ** 

- 

- 

- 

- 

.714 

.807        .899 

.871 

.903 
.872 

-943  . 

O203,     **           •*    crown 

•583 

•583 

•695 

.667 

.806 

.822 

.860 

.872 

t^l 

C)  598,  (Crown) 

^m 

•7^7 

.770 

'77^ 

.776 

.818 

Unit  1=1  cm. 

0.7  M 

0.95^ 

I.I  fl 

.94 

1.4  M 

.90 

1.7  M 

2.0  ft, 
.81 

a-3M 

».5M 

2.7  1* 
.2Q 

2.9^ 

3-«#«  , 

S  204,  Borate  crown 

1. 00 

•55 

.69 

•53 

.18 

S  179,  Med.  phosp.  cr. 

— 

.98 

•95 

.90 

.84 

.67 

•49 

.87 

.18 

— 

— 

(>  I  r 43,  Dense, bor. sil.  cr. 

.98 

.97 

— 

•95 

•93 

t 

.84 

-r 

A7 

.27 

0  1092,  Crown 

■99 

.96     .95 

•99 

.90 

.91 

.71 

60 

^ 

.29 

O1151,      " 

.98 

- 

.99     -99 

.98 

.94 

•90 

•z^ 

■u 

•45 

.32 

0  451,  Light  flint 

r.oo 

- 

.99      - 

.98 

.95 

•92 

.84 

•54 

•34 

0469,  Heavy  " 

1. 00 

- 

.98      -         .99 

.98 

.98 

•97 

.90 

.66 

-50 

0  500.       "       "      • 

1. 00 

1 

I.OO        - 

I.OO 

— 

I.OO 

•99 

•92 

'74 

1 

S  163,       **       " 

I.OO   , 

.98  1  - 

1 

•99 

•99 

.94 

.78 

TABLE  868. 

Note :  With  the  following  data,  /  must  be  expressed  in  millindeters ;  i.  e.  the  figures  as  given 

give  the  transmissions  for  thickness  of  i  mm. 


No.  and  Type  of  Glass 

1                '                  1 

Wave-length  in  m.                                                         1 

Visible  Spectrum 

UltrapTiolet  Spectrum.                1 

.644  M 

.35 
•94 

'H 
.98 

.98 

1.0 

.99 

.578  m 

•35 

•05 

•39 

.97 

■97 
1.0 

.50 

.72 

.546  M 

•37 

.47 

1.0 
.64 

.99 

509  M 
.35 

•47 
.83 
•93 

J62 
.18 

.^5 
•96 

.480  M 
.34 

45 
.09 
•44 
•74 
.44 

•50 

•44 
.11 

.95 

•436  M 
•30 

•43 

.'5 

.40 

.73 

•65 
•96 

•405  M 
.15 

•43 

.31 
.69 

1.0 
1.0 

.99 

.384  M 
.06 

.28 
•59 

1.0 

1.0 
•99 

.361  M 

.22 
.36 

1.0 
1.0 

•89 

.340  M 

.18 
.10 

[.0 
1.0 

•89 

•33a  M 

.14 

1.0 
1.0 

.77 

309  M 
.06 

t 

•54 

1 
.280  |t 

■ 

.18 

1 

F381S  Dark  neutral 
F4512  Red  filter 
F  2745  Copper  ruby 
F4313  Dark  yellow 
F4351  Yellow 
F4937  Bright  yellow 
F  4930  Green  filter 
F3873  Blue  filter 
F3654    Cobalt    glass, 

transparent  for  outer 

red 
F  365-}  Blue,  ultraviolet 
F  37  28  Didymium,  str'g 

bands 

This  and  the  following  table  are  taken  from  Jenaer  Glas  fttr  die  Optik,  Liste  751,  1909 
TABLE  868.  -  TruumlMlMllty  liy  Jena  Ultn-vlolit  OUmss. 


No.  and  Type  of  Gbss. 

Thickness. 

0.397  M 

0.383  M 

0.361  fl 

0.-346  M 

0.325  M 

0.309  M 

ooSoft 

UV  3199  Ultra-violet 

I  mm. 

1.00 

I.OO 

I.OO 

1.00 

1.00 

0.95 

0.56 

(«                «• 

2  mm. 

0.99 

0.99 

0.99 

0.97 

0.90 

0.57 

«                     u 

I  dm. 

0.95 

0.95 

a89 

0.70 

a36 

. 

U  V  3248 

1  mm. 

1.00 

1.00 

I.OO 

1.00 

a98 

0.91 

0-35 

*t                    •« 

2  mm. 

0.98 

0.98 

0.98 

0.92 

0.78 

0.38 

•(                   •« 

I  dm. 

0.96 

0.87 

0.79 

0.45 

0.08 
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Table  Sift. 
TRAN8MISSIBILITY   OF   RADIATION   BY   GLASSES. 
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The  following  data  giving  the  percentage  transmission  of  radiation  of  various  substances, 
mostly  glasses,  are  selected  from  Spectroradiometric  Investigation  of  the  Transmission  of  Vari- 
ous substances,  Coblentz,  Emerson  and  Long,  Bui.  Bureau  Standards,  14,  p.  653,  1918. 


Glass  or  substance,  manu&cturer. 


Purple  fluorite 

I  Gold  film  on  Crooke's  glass.  . . 

"      "     "    crown  glass 

Molybdenite , 

Cr,(S04)Ki8  H,0 

Chrome  alum,  10  g  to  100  g  HjO 

CoCls,  10  g  to  100  g  HfO 

Glasses: 

Copp^  ruby,  flashed 

G24,  Coming,  red 

Schott's  red,  No.  2745 

G34,  Corning,  orange 

Pyrex,  Corning 

Noviol,  B,  Coming,  yellow  ..  . 
Novieweld3,Corning,dk-yellow 

Schott's  43x11,  green 

G1710N,  green,  Coming 

GT74J,  Corning,  heat  abs'b'g.  . 

G124JA,  Corning • 

Cobalt  blue  ....'. 

Schott's  F3086,  blue 

G4013,  Corning}  blue 

G584,  Corning,  blue 

G1711Z,  Corning,  blue. 

Amethyst,  C,  Corning 

G172BW5,  Corning,  red-purple 

Crooke's  A,  A.  O.  Co 

"       sage  green  30,  A.  O.  Co 

Lab.  58,  A.  O.  Co 

Fieuraal  B,  A.  O.  Co 

Akopos  green,  J.  K.  O.  Co 


Thick- 
ness, 
mm 


4.98 


.007 

.24 
10 

ID 
1.95 

S-90 

3.18 

3-55 

1.5s 
2.88 

2.2 
3-43 

.2.6 

i.S 

2.43 
2.58 

6.36 

3- 70 

3- 23 
2. II 

4-43 
1.96 

1.98 

2.04 

2.04 

1.58 


Thuoamission  per  cents. 


o.s 


22 

34 
o 
o 


90 
80 

12 
50 


52 


55 

90 

50 

72 

59 
76 


Wave4ength8  in  /k. 


x.o 


3 
8 

41 
83 
73 
50 

50 
60 

83 
50 
90 

75 
I 

4 
I 

2 

o 

74 
o 
o 
o 

23 
91 

o 

92 

o 
86 
76 
91 


i-s 


2 

3 

43 

63 
o 

o 

64 
70 

89 
62 
90 
60 
2 

53 

23 

4 

I 

43 
I 

15 
24 
60 

91 

o 

91 
o 

91 

80 

91 


a.o 


47 
I 

2 

44 

37 
o 

o 

72 
72 

89 
67 

91 
82 

6 

79 

53 
12 

5 

63 
2 

50 
60 

74 

91 
2 

90 
4 

91 
82 

91 


as 


48 

I 

I 

46 

II 


76 

65 

75 
68 

87 

75 

13 

83 
68 

19 
10 

79 

31 
61 

75 
78 
88 

5 

83 
II 

89 
81 

90 


3.0 


48 
I 
I 

46 
o 


40 

2 

10 

15 

35 

23 
6 

25 
20 

II 

3 
36 
II 
II 

45 

45 

42 

6 

38 
8 

51 
30- 
70 


35 


57 
o 

o 

47 
o 


33 
I 

10 

3 
13 
4 
7 
9 
9 
4 
5 
27 

5 
I 

26 

13 
26 

8 

23 
8 

35 
20 

52 


4.0 


60 
o 
o 

48 
o 


36 

o 
o 
I 

7 
4 
7 
o 
8 
6 
6 
28 

4 
2 

20 

12 

25 
12 

27 
II 

38 

25 

51 


45 


62 
O 
O 

48 

o 


7 
o 

o 

o 

2 

o 
I 
o 
o 
o 
o 
o 
o 
o 
I 
I 

7 
2 

5 

3 

7 
2 

10 


S-o 


62 

o 
o 

48 

o 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Manufacturers:  Corning  Glass  Works,  Corning,  N.  Y.;  A.  O.  Ctf.,  American  Optical  Co., 
Southbridge,  Mass.;  J.  K.  O.  Co.,  Julius  King  Optical  Co.,  New  York  City.  For  other  glasses 
see  original  reference.  See  also  succeeding  table,  which  contains  data  for  many  of  the  same 
glasses. 
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OQA  Table  371. 

TABLE  S71.  —  Tnnimissioii  of  the  RadUtioiui  from  a  Gfts-flUed  Tancsten  Luap,  the  Sua, 
Magnetite  Axe,  end  from  e  Quartz  Mercury  Vapor  Lamp  (no  Globe)  through  Various 

Subetances,  eapeciafly  Colored  Glaaaes. 


Color. 


Greeiush-3reIIow. . . 
«  It 

<i  <i 

«  14 

4<  it 

i«  II 

<l  II 

•*  tt  '  " 

Smoky  green 

Yellow-green 

ti         <t 

•«         « 

«•         II 

Amber 

<i 

Orange 

YeUow 

i< 

« 

Sage  green 

Yellow-green , 

Blue-green 

It        i< 

Black.....'!.!.'!."; 
It 

Neutral  tint 

Gold  plate 

"    (darker) 

Colorless 

II 

Amethyst 

Purple 

II 

Blue..!!!!!!!!!!! 

Blue,  dark 

Blue>-grcen 

Blue-green,  pale . . , 

Red-purple 

Blue-purpIe 

Red 

II 

II 

Colorless 

II 

Brown 

Colorless 

Qear 


Trade  name. 


Fieuzal,  B 
Fieuzal,  63 
Fieuzal,  64 
Euphos 
Euphos,  B 
Ak<>po8  green 
Hallauer,  65 
Hallauer,  64 
G  124.  IP 
Noviweld,  30% 
Noviweld,  shade  3 
Noviweld,  shade  4} 
Noviweld,  shade  6 
Noviweld,  shade  7 

Saniweld,  dark 
034^ 

N0V10I,  shade  A 
Noviol.  shade  B 
Novk>l,  shade  C 
Ferrous  No.  30 
No.  61 
Lab.  No.  5Q 
G  Z34  JA 
Smoke,  C 
SnuAe,  D 
Crookes,  A 
Crookes,  B 
Pfund 
Pfund 

Lab.  No.  58 
Lab.  No.  57 
Shade  C 
Electric  smoke 
G  ss  A  6a 
Shade  D 

Gs3 

G  171-IZ 

GS84 

G  172  BW  s 

G585 

Selemum 

Flashed 

Window 

Crown 

Mica 

Mica 

Water 


Source.* 


C. 
C. 
C. 
C. 
C. 


A.  O.  C. 
F.  H.  E. 
F.  H.  E. 

B.  S. 

B.  &L. 

D.  J. 

F.  H.  E. 

C.  G.  W. 
G.  W. 
G.  W. 
G.  W. 
G.W. 
G.  W. 

B.  S. 

J.  K. 
C.  G.  W. 
C.  G.  W. 
C.  G.  W. 
C.  G.  W. 
A.  O.  C. 
A.  O.  C. 

A.  O.  C. 
C.  G.  W. 

B.  &L. 
B.  &L. 
A.  O.  C. 
A.  O.  C. 
A.  O.  C. 
A.  O.  C. 
A.  O.  C. 
A.  O.  C. 
A.  O.  C. 

A.  O.  C. 
C.  G.  W. 

B.  &L. 
C.  G.  W. 
C.  G.  W. 
C.  G.  W. 
C.  G.  W. 
C.  G.  W. 
C.  G.  W. 

Schotta 
B.  S. 
B.  S. 
B.  S. 
B.  S. 
B.  S. 
B.  S. 


Thick- 
ness 
in  mm 


2.04 
Z.80 
x.6s 

J. 27 
3.12 

1.58 
2.36 

I.3S 
2.8z 

2.14 


Transmission,  per  cent. 


20 
20 
17 
17 
12 

32 

57 
00 
88 
00 

95 
10 

93 
53 
2.36 

a. 45 
1.97 
2.00 


Ga»- 

fiUed 
tung- 
8ten.t 


71.6 
75. 5 
so.  7 
78.9 
78.8 
84.6 
70.3 
58.7 
0.4 
5.1 

3.4 
1.6 

0.9 

0.8 

51.6 

78.x 

56.9 

74- 1 

53 
82.7 

3.7 

5.3 
65.3 
50.9 
85.3 
75-7 

2.6 


I.S8 

83.3 

2.00 

— 

3.11 

82.8 

1.89 

36.6 

2.85 

37.0 

2.09 

«.5i 

2.9 

3.21 

46.6 

3-75 

24. 9 

4.93 

72.4 

3  13 

35.8 

2. go 

67.8 

3.22 

69.4 

X.85 

_ 

x.s6 

— 

X.30 

— 

0.09 

— 

xo.o 

34.2 

(Quartz 
mercury 
vapor.t 


26.9 

34-3 
22.0 
25.0 

24.7 
29. 
X7. 
25 
o. 

7 

4- 
I. 


5 

7 
9 

2 

.8 

2 

.2 

0.4 

0.2 

15.2 

10.6 

X7.0 

32.2 

17-5 
28.6 

X7.3 
2X, 

3X. 
x6. 
46. 
32. 
7.2 

1.3 
40.0 

SX.9 

44.3 

2.2 

17.0 

20.7 

3.9 

41.7 

25.2 

26.5 

34.0 

7.9 

4.8 
59.5 
64.9 
35.4 
43.1 
t54.o 


Mag- 
netite 
arc 


46.0 
550 


530 
59  o 


2.7 
0.8 
o.^ 


43  o 
56.0 


IX. 5 

X2.S 

52.0 
390 

64.0 

X.2 

65 


Solar 
radia- 


39 


48 


63 

72 

74 
SS 


0.9 


50 
47 
81 

75 
72 
X7 
72 

X9 
60 

45 
89 
69 

13 

88 

79 
II 
t6 


4X 
48 
46 

83 
9a 


*  A.  O.  C,  Amer.  Optkal  Co.,  Southbridge,  Mass.;  C.  G.  W.,  Coming  Glass  Works,  Coming.  N.  Y.;  B.  &  L., 
Bausch  &  Lomb,  Rochester.  N.  Y.;  J.  K.,  Julius  King  Optical  Co..  New  York  City;  F.  H.  £.,  F.  H.  Edmonds,  optjcun. 
Washington,  D.  C;  B.  S.,  Bureau  of  Standards;  scrap  material,  source  unknown. 

t  Infra-red  radiation  absorbed  by  quartz  cell  containing  i  cm  layer  of  water.  Taken  from  Coblentz-Emoson  ft 
Long,  Bui.  Bureau  Standards,  X4,  653,  19x8. 

X  Transmission  of  x  cm  cell  having  glass  windows. 
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Table  372.  305 

TRAN8MIS8IBILITY  OF  RADIATION. 

TnasmlMifellity  of  tlis  Vuloiu  ItntattnoM  of  TaUtt  880  to  888. 

Alum  :  Ordinary  alum  (crystal)  absorbs  the  infra-red. 
Metallic  reflection  at  9.05^  and  30  to  40/i. 

Rock-salt :  Rubens  and  Trowbridge  (Wied.  Ann.  65,  1898)  give  the  following  transparencies  for 
a  I  cm.  thick  plate  in  % : 


X 

% 

9          10 

12 

13          '4 

15 

16 

17 

18 

19 

20.7 

23.7M 

99.5 

99-5 

99-3   ,   97-6 

931 

84.6 

66.1 

51.6 

27.5   1    9.6 

0.6 

0. 

Pfliiger  (Phys.  Zt.  5.  1904)  gives  the  following  for  the  ultra-violet,  same  thickness :  28o/u/(,  95.5% ; 

231,86%;  210,77%;  186,70%. 
Metallic  reflection  at  aiio/i,  0.156,  51.2,  and  87^. 

Sylvine :  Transparency  of  a  i  cm.  thick  plate  (Trowbridge,  Wied.  Ann.  60,  1897). 


X 

% 

9 
100. 

10 

II 

12 

'3 

14 

»5 

16 

17 



92. 

18 

19   i  20.7 

237m 

98.8 

99.0 

99-5 

995 

97.5 

95-4 

93-6 

86. 

76.      58. 

'5' 

Metallic  reflection  at  0.1 14/1,  0.1 61,  61.1^  100. 

FlMortte:  Very  transparent  for  the  ultra-violet  nearly  to  o.ifi. 

Rubens  and  Trowbridge  give  the  following  for  a  i  cm.  plate  (Wied.  Ann.  60,  1897)  : 


X 

8m          9 

10 

II 

I2/bl 

% 

84-4       54-3 

16.4 

1.0 

0 

Metallic  reflection  at  24^(1,  31.6,  40/1. 

Iceland  Spar:   Merritt  (Wied  Ann.  55,  1895)  gives  ^^  following  values  of  k  in  the  formula 
i  =  i,c""  (d  in  cm.) : 
For  the  ordinary  ray : 


X 

1.02 

1.45 

1.72 

2.07 

2.11 

2.30 

2.44 

2.53 
1.92 

2.60 

2.65 
1.74 

2.74M 

k 

ao 

0.0 

0.03 

0.13 

0.74 

1.92 

3-00 

1.21 

2.36 

X 

k 

2.83 

2.90       2.95 

3-04 

3-30 

3.47 

3.62       3.80 

3.98 

4-35 

4.52 
14-3 

4^3M 

1-32 

0.70       1.80 

471 

22.7 

19.4 

9.6        18.6 

00 

6.6 

6.1 

For  the  extraordinary  ray  : 

X 

k 

2.49 

2.87 
0.08 

300 

328 

338 

3-59 

376 

390 

4.02 

4.41 

4.67/i 

0.14 

0.43 

1-32 

0.89 

1.79 

2.04 

1.17 

0.89 

1.07 

2.40 

X 
k 

4.91 
1.25 

5-04 

5-34 

5-50M 
12.8 

2.13 

4.41 

Quartz  :  Very  transparent  to  the  ultra-violet ;  Pfliiger  gets  the  following  transmission  values  for 
a  plate  i  cm.  thick :  at  0.222/*,  94.2% ;  0.214,  92  ;  0.203,  83.6 ;  o.  186,  ^.2%. 
Merritt  (Wied.  Ann.  55,  1895)  gi^^  ^^^  following  values  for  k  (see  formula  under  Iceland  Spar) : 
For  the  ordinary  ray : 


X 

272 

2.83 

2.9s 

3-07 

3-17 
0.20 

3-38 

3-67 

3.82 

396 

4.12 

4-50M 

k 

0.20 

0.47 

0.57 

0-31 

0.15 

1.26 

1.61 

2.04 

3-4« 

7-30 

For  the  extraordinary 

ray : 

k 

2.74 

2.89 

3.00 

3.08 

3.26 

3-43 

3-52 

3-59 

3.64 

3-74 
1.62 

391 
2.22 

4.19 
3-35 

4. 

Z^H^ 

0.0 

0.1 1 

0-33 

0.26 

0.1 1 

0.51 

a76 

1.88 

1.83 

•.0 

For  X>7  ^  becomes  opaque,  metallic  reflection  at  8.50^1,  9.02,  20.75-24.4/^  then  trans- 
parent again. 

The  above  are  taken  from  Kayser*8  "  Handbuch  der  Spectroscopie,**  vol.  iii. 
Smithsonian  Taslcs. 
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Tables  373-374. 
TRAN8MI88IBILITY  OF    RADIATION. 

TABLE  878,  —  Color  Serstu. 


The  following  light-filters  are  quoted  from  Landolt's  '*  Das  optische  Drehungsvermogen,  etc.*  189S. 
Although  only  the  potassium  salt  does  not  keep  well  it  is  perhaps  safer  to  use  freshly  prepared 
soliAtiuns. 


Color. 

Thick- 
neat, 
nun. 

20 
20 
20 

'5 

»S 
20 

20 

20 

20 

20 

20 

Water  solutions  of 

Grammes  of 

substance 

in  100  ccm. 

Optical  cen- 
tre oi  band. 

Tnuimisskn. 

Red 
44 

Yellow 

4< 
44 

Green 
44 

Bright  j 
blue  ) 

Dark  j 
blue  \ 

Crystal-violet,  5BO 
Potassium  monochromate 
Nickel-sulphate,  NiS04.7aq. 
Potassium  monochromate 
Potassium  permanganate 
Copper  chloride,  CuCl2.2aq. 
Pota.s.sium  monochromate 
Double-green,  SF 
Copper-sulphate,  CuS04.5aq. 
Crysul-violet,  5BO 
Copper  sulphate,  CuS04.5aq. 

0.005 
10. 

30. 
10. 

0.025 
60. 
10. 

0.02 

0.005 

15- 

0.6659 
0.5919 

0.5330 
0.4885 
0.4482 

i  begins  about  0.7  iS/<. 
1  ends  sharp  at  0.639^ 

0.614-0.574/i. 

0.540-0.505^ 

3  0.526-0.494  and 
1  0.494-0.458/i 

a478-o^iOfi 

TABLE  874.  —  Oolor  Sonoii. 

The  following  list  is  condensed  from  Wood's  Physical  Optics  : 

Methyl  violet,  4R'  (Berlin  Anilin  Fabrik)  very  dilute,  and  nitroso-dimethyl-aniiine  transmits  o,^^ 

Methyl  violet  -f-  chinin-sulphate  (separate  solutions),  the  violet  solution  made  strong  enough  to 

blot  out  0.4359/i,  transmits  0.4047  and  .0.4048,  also  faintly  0.3984. 
Cobalt  glass  -f*  aesculin  solution  transmits  0.4359/14. 
Guinea  green  B  extra  (Berlin)  -|-  chinin  sulphate  transmits  0.4916/u. 
Nfeptune  green  (Bayer,  Elberfeld)  -|-  chrysoidine.    Dilute  the  latter  enough  to  just  transmit  a579o 

and  0.5461 ;  then  add  the  Neptune  green  until  the  yellow  lines  disappear. 
Chrysoidine  -|-  eosine  transmits  0.5790/14.    The  former  should  be  dilute  and  the  eosine  added  until 

the  green  line  disappears. 
Silver  chemically  deposited  on  a  quartz  plate  is  practically  opaque  except  to  the  ultra-violet  region 

0.3160-0.3260  where  90%  of  the  energy  pa.sses  throueh.    The  film  should  be  of  such  thickness 

that  a  window  backed  by  a  brilliantly  lighted  sky  is  barely  visible. 
In  the  following  those  marked  with  a  *  are  transparent  to  a  more  or  less  degree  to  the  ultra-violet ; 

*  Cobalt  chloride:  solution  in  water,  —  absorbs  0.50-.53/A;  addition  of  CaCla  widens  the  band  to 
0.47-.50.  It  is  exceedingly  transparent  to  the  ultra-violet  down  to  0.20.  If  dissolved  in  methyl 
alcohol  -j-  water,  absorbs  0.50-.53  and  everything  below  0.35.  In  methyl  alcohol  alone  0485- 
0.555  and  below  0.40/4. 

Copper  chloride:  in  ethyl  alcohol  absorbs  above  0.585  and  below  0.535  ;  in  alcohol  +  50%  water, 

above  0.595  and  below  0.37/4. 
Neodymium  salts  are  useful  combined  with  other  media,  sharpening  the  edees  of  the  absorption 

bands.  In  solution  with  bichromate  of  potash,  transmits  o.^35-.565  and  above  0.60/4,  the  Innds 

very  sharp  (a  useful  screen  for  photographing  with  a  visually  corrected  objective). 
Praes'odymium  salts :  three  strong  bands  at  0.482,  .46S,  .444.    In  strong  solutions  they  fuse  into  a 

sharp  band  at  o.42S--4^Sf-    Absorption  below  0.34. 
Picric  acid  absorbs  0.36-.42/4,  depending  on  the  concentration. 
Potassium  chromate  absorbs  0.40-.35,  0.30-.24,  transmits  0.23/4. 

*  Potassium  permanganate :  absorbs  o. 555-. 50,  transmits  all  the  ultra-violet. 

Chromium  chloride :  absorbs  above  0.57,  between  0.50  and  .39,  and  below  0.33/4.    These  limits 

vary  with  the  concentration. 
Aesculin  :  absorbs  below  0.363/4,  very  useful  for  removing  the  ultra-violet. 

*  Nitroso-dimethyl-aniiine :  very  dilute  aqueous  solution  absorbs  0.49-.37  and  transmits  all  the 
ultra-violet. 

Very  dense  cobalt  glass  4-  dense  ruby  glass  or  a  strong  potassium  bichromate  solution  cuts  off 

everything  below  0.70  and  transmits  freely  the  red.  • 

Iodine:  saturated  solution  in  CSg  is  opaque  to  the  visible  and  transparent  to  the  infra-red. 
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TRAN8MI88IBILITY  OF  RADIATION. 
TABLE  S7S.  —  Ckdor  flonoii.    Jena  OUbms. 
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I 


'   23L 


4 

4a 
4b 


Kind  of  Glass. 


Copper-ruby  . 
Gold-ruby  .    . 

Uranium    .    . 


i< 


Nickel    . 
Chromium 


i( 


7 
8 
10 
II 


12 

13 
14 


Green  copper. 
Chromium .    . 
Copper  chromium 
Green-filter 


•( 


Copper  .    . 
Blue-violet 


«« 


Cobalt 
Nickel 
Violet 
Gray  . 


Maker's 
No 


2728 
459' 

454 


in 


01 


m 


455 

440 

414' 

433 

431 

432 

436*" 

437"' 

438'" 

2742 

447'° 


Color. 


Deep  red 
Red     . 


m 


ui 
m 

III 


ni 

lU 


424 

450 
452"! 

444'" 
445"' 


Bright  yellow  .    .    . 

\  Bright  yellowi  fluo- 
)      resces. 

Bright  yellow-brown 

Yellow-green  .  .  . 
Greenish-yellow   .    . 

Green 

Yellow-green  .  .  . 
Grass-green  .  .  . 
Dark  green  .    .    .    . 

«i  u 

.       •       •       * 

Blue,  as  CUSO4  .  . 
Blue,  as  cobalt  glass 

««       M        ««  a 


Region  Transmitted. 


Only  red  to  o.6{|;i 

(  Red,  yellow ;  in  thin"  layers  also 
]     blue  and  violet, 
i  Red,  yellow,  green  to  £b; 
(     thin  layer  also  blue 


m 


! 


K  Red,  yellow,  green  (weakened), ) 
)      blue  (very  weakened)  J 


Blue    .    .    . 
Dark  violet . 


•    •    •    • 
I  Gray,  no  rccog- 1 
\      nizable  color     ) 


Yell  o  wish-green 
Red,  green;  from  0,65-. 50ft  .  .  . 
Green,  yellow,  some  red  and  blue  . 
Yellowish-green,  some  red    .    .    . 

Green  (in  thin  sheets  some  blue)  . 

Green 

Green,  blue,  violet 

Blue,  violet ;    . 

(  Blue,  violet,  blue-green  (weak- 1 
I      ened),  nc  red  J 

Blue,  violet,  extreme  red  .    .    .    . 

Violet  (G-H),  extreme  red    .    .    . 

Violet  (G-H),  some  weakened  .'  . 

All  parts  of  the  spectrum  weakened 


Thick- 
ness, 
niin. 


1-7 


;6. 


II. 
10. 


5- 

2-3 
2.5 
5- 


S-12 
5- 


2-5 

7- 
0.1-8 

0.1-3 


See  "  Ober  Farbglftser  fiir  wissenschaftliche  und  technische  Zwecke,"  bv  Zsigmondy,  Z.  fiir  lo- 
strumentenkunde,  21,  1901  (from  which  the  above  table  is  taken),  ana  **  Cber  Jenenser  Licht- 
filter,"  by  Grebe,  same  volume. 
(The  following  notes  are  quoted  from  Everett's  translation  of  the  above  in  the  English  edition  of 

Hovestadt's  "  Jeni  Glass.") 
Division  of  the  spectrum  into  complementary  colors : 

1st  by  2728  (deep  red)  and  2742  (blue^  like  copper  sulphate). 
2nd  by  454"'  (bright  yellow)  and  447"'  (blue,  like  cobalt  glass). 
3rd  by  433     (greenish-yellow)  and  424*"  (blue). 
Thicknesses  necessary  in  above:  2728,  1.6-1.7  mm.;  2742,  5;  454™,  16;  447™,  1.5-2.0 ;  433"S 

2.5-3.5;  424*"f  3"™- 
Three-fold  division  into  red,  green  and  blue  (with  violet) : 
2728,  1.7  mm. ;  414'",  10  mm.;  447*",  1.5  mm.,  or  by 
2728,  1.7  mm. ;  436*",  2.6  mm. ;  447    ,  1.8  mm. 
Grebe  found  the  three  following  glasses  specially  suited  for  the  additive  methods  of  three-color 
projection : 

2745,  red;  438"',  green;  447"",  blue  violet ; 
corresponding  closely  to  Young's  three  elementary  color  sensations. 
Most  of  the  Jena  glasses  can  be  supplied  to  order,  but  the  absorption  bands  vary  somewhat  in 

different  meltings. 
See  also  "Atlas  of  Absorption  Spectra,"  Uhler  and  Wood,  Carnegie  Institution  Publications,  1907. 

TABLE  876.— Water. 
Values  of  a  in  I  =  Iq  e  *<',  d  in  c.  m.  Iq;  I*  intensity  before  and  after  transmission. 


Wave-length  /i. 

.186 

•193 
.0165 

.200 

.210 

.220 

.230 

.0034 

.600 

.0016 

.240 

.260 

.300 

•4>5 

a 

.0688 

.009 
.487 

.0061 

.500 

.0002 

.0057 

.0032 

.0025 

.0015 

.00035 

Wave-length  fi, 

.430 
.00023 

•450 
.0002 

.550 

.650 
.0025 

•779 

.272 

.865 

•945 

a 

.0001 

.0003 

.296 

•538 

First  9;  Kreusler,  Drud.  Ann.  6,  1901;  next  Ewan,  Proc.  R.  Soc.  57,  1894,  Aschkinaas,  Wied  Ann. 

55.  1895;  last  3,  Nirhols.  Phy."».  Rev.   i,  1. 
See  Rubens,  Ladenburg,  V'crh.  I).  Phys.  G£s.,p.  19,  1909,  for  extinction  coefs.,  reflective  power  and 

index  of  refraction,  1  M  to  i3  M- 
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Table  sn. 

TRANSMISSION   PERCCNTAQES  OF  RADIATION  THROUGH  MOIST  AIR. 

(For  bodies  at  laboratory  temperatures;  for  transmission  of  shorter-wam  energy » see  TaUe  55J.) 


The  values  of  this  table  will  be  of  use  for  finding  the  transmiaaioa  of  eaergy  through  air  containing  a  known 

of  water  vapor.  An  approximate  value  for  the  transmission  may  be  had  if  the  amount  of  eaergy  from  the  souicc  be^ 
tween  the  wave-lengths  of  the  first  column  is  multiplied  by  the  corresponding  transmission  coefficients  of  the  salise- 
quent  columns.  The  values  for  the  wave-lengths  greater  than  z8/x  are  tentative  and  doubtful.  Fowle,  Water-vapor 
Transparency,  Smithsonian  Misc.  CoUectioDS,  68,  No.  8,  Z9Z7;  Fowle,  The  Transparency  of  Aqueous  Vapor,  Asttxh 
physical  J.  42,  p.  394,  Z91S. 


Range  of 
wave-lengths. 

Precipitable  water  in  centimeters. 

M               M 

.001 

.003 

.006 

.oz 

■  03 

.06 

.10 

25 

•SO 

z.o 

3.0 

6.0 

zo.c* 

o.75to  1.0 
1.0        z.25 

1.25       1-5 
Z-S        2.0 
♦a          3 

8           9 

t9          10 

fio            II 

11  12 

12  13 
*X3          Z4 

♦  IS          16 

16  17 

17  z8 

18  03 

96 

95 
92 

Vs 

94 
100 
zoo 
zoo 
zoo 
zoo 
zoo 

"98 

92 

88 

82 

54 
84 
zoo 
zoo 
zoo 
zoo 
zoo 
100 

94 

1/ 
84 

76 

75 
50 
76 
100 
100 
100 
zoo 
zoo 
zoo 

.  96. 

"si 

100 

U 

99 
100 
zoo 
zoo 
100 
99 
93 

Ta 

99 
99 
9' 
97 
77 
72 

^i 
56 

24 

57 

98 

zoo 

zoo 

zoo 

99 

^ 

70 
45 

84 
94 
70 
66 
60 

'I 

96 
zoo 
zoo 
99 
99 
94 
75 
55 
50 

'5 

0 

98 

97 

80 

88 

64 

63 

53 

47 

4 

35 

94 

zoo 

zoo 

98 

97 
90 

50 
40 
20 
10 
0 

97 
95 
66 

79 

35 

3 

z6 

65 
zoo 
zoo 

1^ 

80 

'5 
0 
0 
0 
0 

95 
92 

57 
73 

2 
10 

zoo 
zoo 

82 
60 

0 
0 

0 
0 
0 

% 

SI 

70 

0 

2 

zoo 
zoo 

9i 

0 
0 
0 
0 
0 

fs 

44 
66 

0 

0 

zoo 
zoo 

0 
0 

0 
0 
0 

S3 

74 

31 
60 

0 

0 

0 
0 

0 
0 
0 

78 

28 

57    ! 

0 
0 

—   1 
0 
0 
0 

0 
0 

*  These  places  require  multiplication  by  the  following  factors  to  allow  for  losses  in  COt  gas.    Under 
average  sea-level  outdoor  conditions  the  CDs  (partial  pressure  —  0.0003  atmos.)  amounts  to  about  0.6  gzam 
per  cu.  m.    Paschen  gives  3  times  as  much  for  mdoor  conditions. 

3ix  to  3/Xf  for  2  grams  in  m'  path  (95);  for  Z40  grams  in  m'  path  (93); 
4  "  5       • (93); '    "     "    (70);  more  (X>i  no  further  effect; 

Z3  "  14,  slight  allowance  to  be  made; 

14  "  Z5,  80  grams  in  m*  path  reduces  energy  to  zero; 

g        il     -^          <<                (i                 tf            <<           <4                           t<                           II                      t<               II 

t  These  places  require  multiplication  by  0.90  and  0.70  respectively  for  one  air  mass  and  0.85  and  0165 
for  two  air  masses  to  allow  for  ozone  absorption  when  the  radiation  comes  from  a  celestial  body. 

In  the  above  table  italicized  figures  indicate  extrapolated  values. 

F.  Paschen  gives  (Annalen  d.  Physik  u.  Chemie,  5Z,  p.  Z4, 1894)  the  absorption  of  the  radiation  from  a  Uackeaed 
strip  at  Soo**  C  by  a  layer  3>|  centimeters  thick  of  water  vapor  at  100*  C  and  atmospheric  pressure  as  follows: 

Wave-length 2.20-3.Z0/1  533-7-67/1  7.67-zo(?)/i 

Percentage  absorption 80  94  94-13 

The  following  table,  due  to  Rubens  and  Aschkinass  (Annalen  d.  Ph^ik  u.  Chemie,  64,  p.  598,  1898).  gives  the 
absorption  of  radiation  from  a  zircon  burner  by  a  layer  75  centimeters  thick  of  water  vapor  satuiikted  at  zoo*  C  Tins 
amoimt  of  vapor  b  about  equivalent  to  a  layer  of  water  0.45  millimeter  thick  or  to  z.5%  of  the  water  in  a  total  vcrtica] 
atmospheric  column  whose  dew  point  at  sea-level  is  zo*  C.  The  region  of  spectrum  examined  includes  most  ol  the 
region  of  terrestrial  radiation. 

Wave-length 70/x  8.0/i  9.0-13.0/i  Z2.4/i  12.8/i  Z3.4/i  140^ 

Percentage  absorption 75  40  6  20  13  28  32 

Wave-length 143/*  xS-o/i  15.7/*  i6ofi  175/*  i8-3M  »  C41 

Percentage  absorption 43  35  65  5a  88  So  100 

SMITHSONrAN  TABLES. 
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Tables  878-979. 

REFLECTION   AND  ABSORPTION   OF   LONG-WAVE   RADIATIONS. 

TABLE  378.  —  Long-wave  Absorption  by  Gases. 
Unless  otherwise  noted,  gases  were  contained  in  a  20  cm  long  tube.    Rubens,  Wartenbeiv,  Verb.  d.  Phys.  Ges. 


13,  p.  706 

,  191  ] 

t. 

Percentage  absorption. 

Percentage  absorption.                   1 

§ 

g 

■ 

LongX. 

« 

Long  X.         1 

1 

Hg  lamp. 

§ 

Hg  lamp.        1 

Gas. 

23M 

53M 

IlO/i 

Gas. 

1 

33M 

52M 

XXO/Lt 

1 

Fil- 

FU- 

04 

tered, 

f^ 

tered. 

76 

3i4At 

76 

3I4M 

Ht. .. 

xoo 

xoo 

xoo 

xoo 

xoo 

NH«... 

83.x 

o.S 

99-2 

43-3 

66.7 

Ch. .. 

76 

xoo 

99-6 

99-5 

98.S 

97.6 

CH4 . . . 

76 

91 

94.3 

99  2 

xoo 

xoo 

Brs. . 

20 

xoo 

xoo 

100 

xoo 

xoo 

CtHs.. . 

76 

99-5 

87.4 

97.3 

97.9 

100 

^LfX .  • 

76 

22.6 

76.9 

X2.7 

6 

4.8 

CtH«. . . 

76 

W  « 

96.4 

92.8 

xoo 

100 

Cd.. 

76 

xoo 

xoo 

xoo 

xoo 

xoo 

v<.Ot.  ... 

26 

97.8 

xoo 

xoo 

995 

xoo 

CO... 

76 

xoo 

xoo 

94.1 

92.x 

9X.6 

CaHeO. 

6 

^i 

5.4 

S8 

52. A 
21.8 

49.9 

HsS. . 

76 

99-6 

XX. 6 

S-4 

X0.3 

2X.4 

C4HioO. 

SI 

26.8 

46 

34 

X0.7 

NiO.. 

76 

100 

96.8 

98.4 

93.3 

90.8 

CiHis . . 

46 

66t 

445 

88.8 

87 

84.2 

NO.. 

76 

— 

94 

99 

87.3 

85.5 

CH3CI.. 

14 

98 

xoo 

100 

95-4 
33.0 

94.7 

(CN). 

76 

xoo 

97.8 

xoo 

99  3 

HiO*.. 

76 

39.6 

0,7 

X9.6 

49.2 

*  Tube  40  cm  long. 


t  Pentane  vapor,  pressure  36  cm. 


TABLE  379.  —  Properties  with  Waye-lengths  108  *  /x. 

Rubens  and  Woods,  Verb.  d.  Phys.  Ges.  13,  p.  88,  X91X. 
With  quartz,  x.7  cm  thick:  60  to  80/i,  absorption  very  great;  63/i,  99%;  82/i,  97.5;  971*.  83. 


(a)  Percentage  Reflection. 


Wave-length. 


X  -82M*.. 
X  =  108/1 1- 


Iceland 
spar. 


47.x 


Marble. 


43.8 


Rock 
salt. 


25.8 
20.3 


Silvine. 


36.0 
19. 3 


KBr 


82.6 
31 -x 


Kl 


39.6 
35.5 


Fluo- 

rite. 


X9.7 
20.2 


Glass. 


X9.2 


Water. 


9.6 
IX. 6 


Alcohol. 


X.6 


*  Restrahlung  from  KBr. 


t  Isolated  with  quartz  lens. 


ib)  Pex&ntagb  T^lanspakency. 
Uncorrected  for  reflections. 


Solid. 


Paraffin 

Mica . .  f 

Hard  rubber. . . 
Quartz  ||  axis  . 
Quaxtz,  amorph. 

Rock  salt 

Fluorite 

Diamond. ...... 

Quartz  J_  ftxis . 

ti  n 

li  tl 

II  •• 

•<  n 


Thickncffl. 


3  03 

O.OS5 

0.40 

2.00 

3.8s 

0.21 

0.59 
X.26 
2.00 
4- 03 
7.26 

IX.  74 
14.66 


Transparency. 


57.0 
16.6 
39.0 
62.6 

o 
21.5 

5-3 
45-3 
81.3 
66.4 
49.8 

35. 5 
29.0 


Liquid. 


Benzol 

Ethyl  alcohol 
Ethyl  ether . , 

Water 

Water 

Vapors: 

Alcohol 

Ether 

Benzol. . . . , 
Water 

CO* 


Thickness. 


Thickness. 

precipi- 

table 

liquid. 


1. 00 

0.158 

0.158 

0.029 

0.044 


2.00 
2.00 
2.00 
4.00 
2.00 


0.023 
0.350 
0.063 

0.3X 


Trans- 
parency. 


S6.8 

7.9 
37- 1 
25.8 
13.6 


88 

33.  S 

100 
19.6 
100 


(c)  Transpasency  of  Black  Absosbeks. 


Method  and  wave-length. 


Spectrometer 


Fluorite  "restrahlung" 
Rock  salt  "restrahlung" 
Quartz  lens  isolation 


2/X 

4 

6 

12 

26 

52 

108 


Black  silk 

paper, 

.025  mm  thick. 


Opaque  black 

paper, 
o.ii  mm  thick. 


o 
0.9 

x.7 

8.2 

24.2 

46.0 

61.5 


o 
o 

o 

X.4 
3-2 

151 
33.5 


Black  card- 
board. 
0.4  mm  thick. 


o 
o 
o 
o 
o 
o 
1.6 


Candle  lamp- 
black, 
iocm*B>  1.8 
mg 


o.S 
8.6 
16.0 
37.6 
76.7 
91.3 
9X.5 
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3IO    T*»H»3S0,  381.— nOTATION  OF  PLANE  OF  POLARIZED  LIGHT. 

TABLE  MO. — TkTt£ile  Acid;   Guaphori  BuitonlBi  Bsstonlo  Aold;   Ouu  tagaXt 


Ri(hl-haiidtdrDluio<i:> 

™rk«!+,lelt-li«ided— . 

LIneoi 

Wirt-ltnglh 

Tinaric  acid,*  QHaO* 

&ffi.'iiM; 

^^SSfJi& 

^^.'yu^fc 

ttmp.  _  a. 9"  C. 

B 

68.67 

-I40''.i    +0.2085? 

C 
D 

»s 

+  2=.748  + 0.09446? 

38-.S49-0.08SZJ 

—  149-3   +0.15SS?      , 
-202.7   +0-3555? 

5^-69 

-285.6+0.5820? 

51.72 

—  0.832  +  0.19147? 

79.348  — ai45i? 
99.601—0.1912? 

—  3.598  +  0239775' 

—  9.657  +  0.31437? 

-36555 +  0^284? 
-534-98+"-5240?     1 

' 

43-83 

149.696—0.2346? 

S«.Iffl.in.t  C„H,.0„ 

IBa' 

Is-S' 

(=,,046. 

diuolvedin 
r=j.i-|o.j 

B 

68.67 

—  161.0 

44!" 

484° 

-49° 

47».S6 

1) 

S^-S 

^ 

549 

-57 
—  74 

sr 

—  422.6 

991 

—  105 

—  237-1 

'0S3 

48.61 

-261.7 

'3^3 

1444 

—  '37 

—  197 

8 

42.26 

" 

*38J 

—  230 

Lmcei/'tj)  1.1,  iKa. 
itn,  Akiid.^'  ;>,  .36$. 

TABLX  Ml.- 


Qu=it 

(SorM&S.™in.A«h. 

deCen. 

M..orC.  R 

9s..se.).»  1 

Spec. 

SpB> 

'1™ 

lcns<h. 

per  mm. 

Lint. 

length. 

A 

.!°.663 

Cd, 

e/.fiis 

7- 836 

35-8'8 

68.67. 

.5-746 

0 

34-6SS 
34406 

SIS 

Dl 

;;:^5 

Cdi, 

72448  1 

33.600 

V 

3!-8s8 

51.69. 

32-470 

G 

R 

84-972 

h 

47-481 

Cdij 

27.467 
.25-7.3 

::;2^ 

H 

39-68. 

51-193 

CdM 

23.125 

190.426 

5'- 1 55 

Cd„ 

22.645 

L 

38.196 

55-6=5 

21-935 

iio.731    ! 

M 

37.262 

JI.43I 

235-972    j 

•  Th.  iHpei  II  quoted 
Ibe  Fraunhoier  linn,  Anjit 


Table  8M.- ELECTRICAL   EQUIVALENTS.  3II 

Abbreviations:  int'n'l,  international;  emu,  electromagnetic  units;  esu,  electrostatic  units; 
cgs,  centimeter-gram-second  units.  (Taken  from  Circular  60  of  U.  S.  Bureau  of  Standards, 
19 16,  Electric  Units  and  Standajds.) 


Resistance: 

I  international  ohm  - 
1.00052  absolute  ohms 
1. 0001  intVl  ohms  (France,  before  191 1) 
1. 00016  Board  of  Trade  units  (England, 

1903) 
1. 01358  B.  A.  units 
1.00283  "legal  ohms"  of  1884 
1.06300  Siemens  units 

z  absolute  ohm  - 

0.  9994.8  int'n'l  ohms 
I  "  practical "  emu 
10^  cgs  emu 

1 .  II 24  X  10""  cgs  esu 


Capacity: 

I  international  farad  - 
o.  99948  absolute  farad 

I  absolute  farad  » 
1.00052  int'nl  farads 
I  "  practical "  emu 
10"^  cgs  emu 
8. 9892  X  10"  cgs  esu 


Cussent: 

I  international  ampere  - 
0.99991  absolute  ampere 
1 .  00084  int'n*l  amperes  (U.  S.  before  191 1) 
1.00130  int*nl  amperes  (England,  before 

1906) 
1. 00106  int'n'l  amperes  (England,  1906- 

08) 
1. 000x0  intVl  amperes  (England,  1909- 

10) 
1.00032  int'nl  amperes  (Germany,  before 

1911) 
I .  ooo2int'n'lamperes  (France,before  191 1) 

z  absolute  ampere  - 
I  00009  int  n'l  amperes 
I  "practical"  emu 
o.  I  cgs  emu 
2. 9982  X  10'  cgs  esu 


Inductance: 

I  international  henry  » 
1 .  0005  2  absolute  henries 

I  absolute  henry  - 
o.  99948  int'n'l  henry 
I  "practical"  emu 
10^  emu 
1. 1124  X  10""  cgs  esu 


Energy  and  Power: 

(standard  gravity  -  980. 665  cm/sec/sec.) 
I  international  joule  «- 
1 .  00034  absolute  joules 

I  absolute  Joule  - 
o.  99966  int'n'l  joule 
10^  ergs 

o.  737560  standard  foot-pound 
o.  101972  standard  kilogram-meter 
o.  277778  X  IP"*  kilowatt-hour 


Electromotive  Force: 

I  international  volt  - 
1 .  00043  absolute  volts 
1.00084  int'n'l  volts  (U.  S.  before  1911) 
1. 00130  int'n'l  volts    (England,    before 

1906) 
1. 00106  int'n'l  volts  (England,  1906-08) 
i.oooio  int'n'l  volts  (England,  1909-10) 
1.00032  int'n'l  volts  (Germany,  before 

1911) 
1. 00032  int'n'l  volts  (France,  before  191 1) 

z  absolute  volt  - 
0.99957  int'n'l  volt 
I  "practical"  emu 
10^  cgs  emu 
o-  00333S3  cgs  esu  


Quantity  op  Electricity: 

(Same  as  current  equivalents.) 
I  international  coulomb  -> 

1/3600  ampere-hour 

1/96500  faraday 


Resistivity: 

I  ohm-cm  *  o.  393700  ohm-inch 

-  10,000  ohm  (meter,  mm') 
1-  12,732.4  ohm  (meter,  mm) 

-  393,700  microhm-inch 
«>  1,000,000  microhm-cm 

>-  6,015,290  ohm  (mil,  foot) 

I  ohm   (meter,  gram)  -  5710.0  ohm  (mile, 
pound) 


Magnetic  Quantities: 

I  int'n'l  gilbert     -  o.  9999Z  absolute  gilbert 
I  absolute  gilbert  -  i.  00009  int'n'l  gilberts 
I  int'n'l  maxwell  -  i.  00043  absolute  maxwells 
I  absolute  maxwell  -  o.  99957  int'nl  maxwell 
I  gilbert  -  0.7958  ampere-turn 

I  gilbert  per  cm  «o.  7958  ampere-turn  per 

cm 
-  2 .  021  ampere-turns  per 
inch 

I  maxwell  -  i  line 

-■  10"*  volt-second 
I  maxwell  per  cm*  -  6 .  452  maxwells  per  in' 
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COMPOSITION  AND  ELECTROMOTIVE  FORCE  OF  VOLTAIC  CELLS. 

The  electromotive  forces  given  io  this  table  approximately  represent  what  may  be  expected  from  a  cell  in  good 
ing  order,  but  with  the  exception  of  the  sundard  cells  all  of  them  are  subject  to  considerable  variation. 


(a)  DouBLB  Fluid  Cells. 


Name  of 
cell. 


Bunsen .    . 


(I 


Chromate  . 


tt 


Daniell*   . 


« 


ti 


it 


Grove 


II 


II 


II 


IC 


II 


II 


II 


Mari^  Davy 


Partz     .    . 


Negative  pole. 


Amalgamated  zinc 


<i  II 


II 


u 


u 


tt 


tt 


tt 


tt 


tt 


tt 


It 


II 


II 


II 


II 


II 


tt 


tt 


II 


II 


l( 


II 


II 


II 


<l 


i< 


II 


il 


It 


tt 


II 


II 


Solution. 


(  I  part  H2SO4  to  t 
I     12  parts  H2O  . ) 


<i 


'  i2partsK2Cr307' 
to  25  parts  of 
H2SO4  and  100  ' 
parts  H2O  .     . 

I  part  H2SO4  to  ( 
12  parts  HgO  .  ( 


I 

{  I  part  H2SO4  to  I 
I     4  parts  HaO    . ) 

I 
1 
t 

! 


I  part  H2SO4  to  ( 
1 2  parts  H2O  .  ( 

5%    solution    of 
ZnS04  +  6H2O 

I   part  NaCl   to 
4  parts  H2O   . 

I  part  H2SO4  to 
12  parts  H2O  . 

Solution  of  ZnS04 

H2SO4  solution, 
density  1.136  . 

H2SO4  solution, 
density  1.136  . 

H2SO4  solution, 
density  1.06    . 

(  H2SO4  solution, 
{      density  1.14    . 

H2SO4  solution, 
density  1.06 

NaCl  solution  .    . 


I 


(  I  part  H2SO4  to  1 
I      12  parts  H2O    ) 


Solution  of  MgS04 


Positive 

pole. 


Carbon 


il 


tt 


il 


Copper 


41 


l< 


tl 


Platinum 


II 


II 


II 


M 


II 


II 


Carbon 


il 


Solution. 


Fuming  H2NO8 
HNOj,  density  1.38 

J  I   part   H2SO4  to  ) 
{      12  parts  H2O     .  ) 


12  parts  K2Cr207  [ 
to  100  parts  H3O  ) 

Saturated  solution  ) 
ofCuS04-h5H20J 


K 


«i 


M 


Fuming  HNOs  .     . 
HNOfc  density  1.33 


Concentrated  HNO« 


HNOs,  density  1.33 


11 


HNOs,  density  1.19 


II 


II 


density  1.33 


Paste  of  protosul- ) 
phate  of  mercury  ? 
and  water  .    .    .  ) 

Solution  of  KaCriO? 


S5 


1.94 
1.86 

2.00 


2.03 
.06 
.09 
.08 

•OS 

•93 
.66! 

•93 

•79 

•71 
.66 

.61 
.88 

•50 
2.06 


*  The  Minotto  or  Sawdust,  the  Meidin^er,  the  Callaud,  and  the  Lockwood  cells  are  modifications  of  the  Daniell, 
and  hence  have  about  the  same  electromotive  force. 
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COMPOSITION  AND  ELECTROMOTIVE  FORCE  OF  VOLTAIC  CELLS. 


Name  of  cell. 


Negative 
pole. 


Solution. 


Positive  pole. 


£.  M.  F. 

in  volts. 


(1^  Single  Fluid  Cells. 


I^clanche    .    .    . 

Chaperon    .    .    . 
Edison-Lelande    . 
Chloride  of  silver 
Law 

Dry  cell  (Gassner) 

Poggendorff     .    . 

•    •    . 

J.  Regnault .    .    . 
Volta  couple    .    . 


Amal.zinc 


u 


« 


Zinc 


\i 


Solution  of  sal-ammo- 
niac .    .    .    .    .    . 

Solution  of  caustic 
potash 


(I 


Amal.zinc 


i« 


if 


a 


11 


Zinc 


I  23  %  solution  of  sal- 
'      ammoniac  .    .    . 

*ipt.ZnO,  ipt.NH4Cl, 
3  pts.  plaster  of  paris, 
2  pts.  ZnCla,and  water 
to  make  a  paste    .    . 
Solution   of  chromate 
of  potash    .... 
12  parts  KgCraO?  -f- 
25  parts  H2SO4  4" 
100  parts  HoO    .    . 
I  part  HjSOi  + 
12  parts  H2O  -|- 
I  part  CaSOi      .    . 
H2O 


'  Carbon.  Depolari- ' 
zer  :    manganese 
peroxide     with 
^  powdered  carbon 
)  Copper.  Depolar- 
\  izer :  CuO  .    . 


(i 


{Silver.  Depolari- 
zer: silver  chrride 
Carbon  . 


u 


It 


Cadmium 
Copper  . 


146 

0.98 
0.70 
IJ02 

1-37 
1-3 

1.08 
2.0X 

< 

0.34 
0.98 


(0)  Standard  Cells. 


Weston  normal 


Clark  standard 


iCs^dmi'm) 
am'lgam) 


Zinc     I 
am'lgamj 


Saturated  solution  of 
CdSOi 


{Saturated  solution  of  ) 
ZnSO*  S 


Mercury.  "j 
Depolarizer:  paste  I 
of  HgaSOi  and  *" 
CdS04    .... 

Mercury. 
Depolarizer:  paste 
of  Hg3S04     and 
ZnS04    .... 


1. 0183* 
at  20°  C 


I -434 
at  i5*>C 


(d)  Secondaky  Cells. 


Lead  accumulator 

Regnier  (i) .    .    . 
(2)  ..  '.    . 


, 


€t 

Main 


Edison    .... 


Lead  .    . 


Copper   . 

AmaL  zinc 
Amal.  zinc 

Iron    .    . 


H2SO4  solution  of        ) 
density  i.i       .    .    . ) 

CUSO4  -h  H3SO4  .    . 

ZnS04  solution  .     .    . 
H2SO4  density  ab*t  i.i 

KOH  20  %  solution    . 


Pb02 


it 


"    inHaSO* 


tt 


A  nickel  oxide 


2.2t 

1.68  to 
0.85,  av- 
erage 1.3. 
2.36 
2.50 
(i.i,  mean 
]    of  full 
(  discharge. 


•  The  temperature  formula  is  E|  =  E^o  —  0.0000406  (t  —  ao)— 0.00000095  (t  —  ao)«  +  0.00000001  (t  —  ao)*. 

t  The  value  given  for  the  Clark  cell  is  the  old  one  adopted  by  the  Chicago  International  Electrical  Congress  in  1893. 
The  temperature  formula  is  E^  =  E^a  —  0.001 19  (t  —  15)  —  0.000007  (t  —  15)*. 

dE 

t  F.  Streints  gives  the  following  value  of  the  temperature  variation  -—  at  different  stages  of  charge : 

dt 
E.  M.  F.  1.9333      1.9828      a.0031      a.0084      2.0105      2.0779      2.2070 

dE/dtXio^  140  228  335  285  255  130  73 

Dolexalck  gives  the  following  relation  between  E.  M.  F  and  acid  concentration  : 

Per  cent  H|S04    64.5      52.2      35.3      21.4       5.2 
E.M.F.,  o^C       a.37      a.25      2.10      a.oo      1.89 
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Table  384. 


Distilled  water 


I 
\ 

\ 


Alum  solution :  saturated 

at  i6°.5  C 

Copper  sulphate  solution : 

sp.  gr.  1.087  at  i6°.6  C. 
Copper  sulphate  solution : 

saturated  at  15°  C. 
Sea  salt  solution:  sp 

1. 18  at  20°.5  C. 
Sal-ammoniac      solution :  ) 

saturated  at  15*^.5  C.     .    ) 
Zinc  sulphate  solution :  sp. 

^r.  I.I2J  at  i6°9  C. .    . 
Zmc    sulphate    solution  :  | 

saturated  at  15^.3  C.     .    ) 
One  part  distilled  water  -{- 

3   parts    saturated    zinc 

sulphate  solution .    .    . 
Strong    sulphuric   acid    in 

distilled  water : 

I  to  20  by  weight     .    .    . 

I  to  10  by  volume    .    .    . 
I  to  5  by  weight  .... 

5  to  I  by  weight  .    .    .    . 


Concentrated  sulphuric  acid 

Concentrated  nitric,  acid     . 

Mercurous  sulphate  paste  . 

Distilled  water  containing  ) 

trace  of  sulphuric  acid      ) 


I 

6 


(  about 
( —-035 


CONTACT   DIFFERENCE   OF 


aolidi  wttk  LlqvMB  nt 


Temperature  of  sufastaitcts 


U 


269 

to 

100 

127 

103 

070 

475 
396 


c 
p 


.148 

•653 


.605 
.652 


%! 

^ 


.171 

'39 


1. 113 


—.189 


—.120 

.72 

to 

1.252 


g 

s 
c 
•a 
to. 


-.856 

.059 


1.3 

to 
1.6 
.672 


0 


'^77 
.225 


•334 
.364 


c 


-.105 , 

to    I 

+.156 
—.536 


—•25 


-.565 

—.637 
—.238 
—•430 


—.344 


^.241 


*  Evereu^s  '*  Units  and  Physical  Constants:  "  Table  d 
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POTENTIAL    IN    VOLT8. 
L1««U«  wltk  Li««U«  la  Air.* 


during  experiment  about  16^  C. 


Amalgamated 
zinc 

Brass. 

1 

1 

Alum  solution : 
saturated  at  16°. $  C. 

Copper  sulphate  solution : 
saturated  at  15°  C. 

•  •      • 

.2  o^ 

ai 

8: 

Is 

lii 

.090 

Zinc  sulphate  solution : 
saturated  at  15°.  3  C. 

One  part  distilled  water 
+  3  pts.  zinc  sulphate. 

i 

B 
M 

Distilled  water 

Alum  solution :  saturated  \ 

at  i6°.5  C S 

Copper  sulphate  solution  :  i 

sp.  gr.  1.087  at  i6°.6  C.  ) 
Copper  sulphate  solution :  i 

saturated  at  15°  C.  .  .  ) 
Sea  salt  solution :  sp.  gr.  i 

1. 18  at  20°  5  C.  .  .  .  f 
Sal-ammoniac      solution :  i 

saturated  at  15°. 5  C.  .  J 
Zinc    sulphate    solution  :  1 

sp.  gr.  1. 125  at  i6°.9  C.  J 
Zinc    sulphate    solution  :  j 

saturated  at  15^.3  C.  .  f 
One  part  distilled  water  -}-  ) 

3    parts    saturated   zinc  ? 

sulphate  solution  .  .  ) 
Strone    sulphuric   acid    in 

distilled  water : 

I  to  20  by  weight     .    .    . 

I  to  10  by  volume    .    .    . 
I  to  5  by  weight  .... 

5  to  I  by  weight  .... 

Concentrated  sulphuric  acid 

Concentrated  nitric  acid 
Mercurous  sulphate  paste  . 
Distilled  water  containing  1 
trace  of  sulphuric  acid .    ) 

.100 

—.284 

-.358 
.429 

.848 

•231 
— .014 

—•435 
—348 

— .016 

.475 

—  043 
— .200 

1.298 

1.456 

—.043 

—.095 
— .102 

1.269 

.164 
.095 

• 

1.699 

.102 

.078 

»' 


Ayrton  and  Perry's  results,  prepared  by  Ayrton. 
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Table  386. 


DIFFEI^ENCE    OF    POTENTIAL    BETWEEN    METAL8    IN    SOLUTIONS   OF 

SALTS. 

The  following  numbers  are  given  by  G.  Magnanini*  for  the  difiFerence  of  potential  in  hundredths  t>f  a  volt  between 
zinc  in  a  normal  solution  of  sulphuric  acid  and  the  metals  named  at  the  head  of  the  different  columns  when  placed 
in  the  solution  named  in  the  first  column.    The  solutions  were  contained  in  a  U-tube,  and  the  sign  of  the  differ- 
ence of  potential  is  such  that  the  current  will  flow  from  the  more  positive  to  the  less  positive  through  the  ez- 
•  temal  circuit. 


Strength  of  the  solution  in 

1 

__                  1 

gram  molecules  per 

Zinct 

Cadmium.f 

Lead. 

Tin. 

Copper. 

saver.     < 

liter. 

I 

1 

1 

No.  of 
molecules. 

Salt. 

Difference  of  potential  in  centivolis.                                   J 

0.5 

H2SO4 

0.0 

36.6 

5'-3 

51-3 

ioa7 

1 21.3 

95-8 

1.0 

NaOH 

—321 

19.5 

«  31-8 

a2 

80.2 

I.O 

KOH 

—42.5 

15-5 

32.0 

— 1.2 

77.0 

IQ4X> 

0.5 

NaaSO* 

1.4 

35-6 

50.8 

5'-4 

101.3 

'?^ 

1.0 

Na3S208 

—5-9 

24.1 

45-3 

457 

38.8 

6.1  J^ 

1.0 

KNOg 

llJ&t 

3' -9 

42.6 

31X 

81.2 

1 
105.7 

1.0 

NaNOg 

II.5 

32-3 
42.5 

51.0 

40.9 

957 

114-8 

0.5 

K2Cr04 

23gt 

41.2 

40.9 

94.6 

121.0 

0.5 

KsCrjOT 

72.8 

61. 1 

78.4 

68.1 

123.6 

132  A 

0.5 

K2SO4 

1.8 

347 

51.0 

40.9 

957 

114.8 

0.5 

(NH4)2S04 

-0.5 

37.1 

53-2 

57.6t 

101.5 

125.7 

0.25 
0.107 

K4FeCeN« 

—6.1 

8o!8 

50.7 

41.2 

-J 

87.8 

KeFe2(CN), 

4<.o§ 

81.2 

130.9 

iia7 

124-9 

1.0 

KCNS 

—1.2 

32.5 

52.8    . 

527 

52.5 
103.6 

7^1. 

1.0 

NaNOa 

4-5 

35-2 

50.2 

49.0 

104.6? 

0.5 

SrNOs 

14.8 

38.3 

50.6 

48.7 

103.0 

"9-3 

0.125 

Ba(N08)2 

21.9 

39-3 
35-6 

517 

52.8 

109.6 

121.5 

1.0 

KNOs 

-t 

^7-5 

49-9 

104.8 

115-0 

0.2 

•  KClOa 

15-10J 

39-9 

53.8 

577 

105-3 

120.9 
I2a8 

0.167 

KBrOs 

13-20$ 

40.7 

5J-3 

50.9 

1 1 1.3 

1.0 

NH4CI 

2.0 

32.4 

Si-3 

50.0 
Soi 

81.2 

101.7 

1.0 

KF 

2.8 

22.5 

41. 1 

61.3 

61.5 

1.0 

NaCl 

— 

319 

51.2 

50-3 

80.9 

101.3 

1.0 

KBr 

2-3 

317 

47.2 

lU 

Z3f 

82.4 

1.0 

KCl 

321 

51.6 

81.6 

107.6 

0-5 

Na^SOs 

—8.2 

28.7 

41.0 

31.0 

68.7 

1037 

-II 

NaOBr 

18.4 

41.6 

73'i 

70.6$ 

89.0 

99-7 

1.0 

C4H60« 

5-5 

397 

61.3 

54.4§ 

104.6 

1234 

0.5 

C4H60« 

4,1 

41.3 

61.6 

57.6 

1 10.9 
looJ 

125.7 

0.5 

C4H4KNa06 

—7-9 

315 

5^5 

42-47 

u*7 

•  "  Rend,  della  R.  Ace.  di  Roma,"  189a 

t  Amalgamated. 

t  Not  constant. 

§  After  some  time. 

I  A  quantity  of  bromine  was  used  corresponding  to  NaOH  =  i.* 
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The  thennodectnc  power  of  a  circuit  of  two  metals  is  tbe  electromotive  force  produced  by  one  degree  C  difference 
of  temperature  between  the  junctions.  The  thermoelectric  power  varies  with  tbe  temperature,  thus:  thermoelectric 
power  *  Q  "■  dE/dt  ^  A  -^-Bt^  where  A  is  the  thermoelectric  power  at  o**  C,  B  is  a  constant,  and  /  is  the  mean  tem- 
perature of  the  junctimis.  The  neutral  point  is  the  temperature  at  which  dE/dt  *  o,  and  its  value  is  —  A/B.  When 
a  curzent  is  caused  to  flow  in  a  circuit  of  two  metals  originally  at  a  uniform  temperature,  heat  is  liberated  at  one  oC 
the  jimctions  and  abeorbed  at  the  other.  The  rate  of  [production  or  liberation  of  heat  at  each  junction,  or  Peltier  effect, 
is  given  in  calories  per  second,  by  multipl^ring  the  current  by  the  coefficient  of  the  Peltier  ^ect.  This  coefficient  in 
calories  per  coulomb  ^  QT/gt,  in  which  Q  is  in  volts  per  degree  C,  T  is  the  abscrfute  temperature  of  the  junction,  and 
ST  "■  4.19.  Heat  is  also  liberated  or  absorbed  in  each  of  the  metals  as  the  current  flows  through  porticma  of  varying 
temperature.  The  rate  of  production  or  liberation  of  heat  in  each  metal,  ^r  the  Thomson  effect,  is  spven  in  calories 
per  second  by  multiplyin|[  the  current  by  the  codffident  of  the  Thomson  effect.  This  coefficient,  in  calories  per  coulomb 
»  BTB/y^  in  which  is  b  m  volts  per  degree  C,  T  is  the  mean  absolute  temperature  of  the  junctions,  and  0  is  tbe  differ- 
enoe  of  temperature  of  the  junctions.  (Br)  is  Sir  W.  Thomson's  "Specific  Heat  of  Electricity."  The  alsebraic  signs 
are  so  chosen  in  the  foUowhig  table  that  when  A  is  positive,  the  current  flows  in  the  metal  considei]^  from  the  hot 
junction  to  the  cold.  When  19  is  positive,  Q  increases  (algebraically)  with  the  temperature.  The  values  of  i4 ,  B,  and 
thermoelectric  power  in  the  following  table  are  with  respect  to  lead  as  the  other  metal  of  the  thermoelectric  circuit. 
The  thermoelectric  power  of  a  couide  composed  of  two  metak,  i  and  a,  is  given  by  subtracting  the  value  for  t  from 
that  for  x;  when  this  difference  is  positive,  the  current  flows  from  the  hot  junction  to  the  cold  mi.  In  the  following 
table,  A  is  given  in  microvolts  per  degree,  B  in  microvolts  per  degree  per  degree,  and  the  neutral  point  in  degrees. 

The  table  has  been  compiled  from  the  results  of  Becquerel,  Mattniessen  and  Tait;  in  reducing  the  results,  the 
electromotive  force  of  the  Grove  and  Daniell  ceUs  has  been  taken  as  1.95  and  x.07  volts.  The  value  for  constantan  was 
reduced  from  results  given  in  Landolt-BGmstein's  tablet.  The  thermoelectric  powers  of  antimony  and  bismuth  aUoys 
are  given  by  Becquerel  in  the  reference  given  below. 


Substance. 


Aluminum 

Antimony,  comml  preMed  wire. 

axial 

'*         equatorial 

Argentan 

Arsenic 

Bismuth,  comml  prated  wire. . 

"        pure  "         "... 

*'        crystal,  axial 

"  **      equatorial 

Cadmium 

fused 

Calcium 

Cobalt 

Constantan. . . . : 

Copper 

commercial 

**       galvanoidastic 

Gallium 

Gold 

Iroa 

**    pianoforte  wire 

*'    cc»nmeiGial 

«•  «• 

Lead \V.\\'.'.V.'.\\\ 

Macnesium 

Mo^bdenum 

Mercuiy 

Nickel 

"      (-i8»tox7S*) 

"       (aTO*-3oo») 

"      (above  340*) 


A 
Microvolts. 


—0.76 


-11.94 


+a.63 


+1.34 


+3.80 
+17. IS 


+a.aa 


—21.8 

-83.57 
-3.04 


B 
Microvolts. 


+0.0039 


—0.0506 


-fo.0424 


+0.0094 


+0.0101 
—0.0482 


0.0000 
-0.0094 


—0.0506 
+0. 238^ 
—0.0506 


Thermoelectric  power 

at  mean  temp,  of 
junctions  (microvolts). 


ao»C 


-0.68 

+6.0 
+aa.6 
+26.4 
-ia.95 


-13.56 
-97.0 
—89.0 
—65.0 
-45.  o 
+3.48 


—  22 

+i.Sa 
+0.10 
+3.8 
— o.a 
+3.0 
+16.2 
+X7.5 


—0.00 
+2.03 
+5-9 
-0.413 

-22.8 


SO*C 


—0.56 


•14-47 
■12.7 


+4.75 
+a.4S 
+j|.9 

-19.3 
+1.81 


+3.30 
+U-74 

+12.10 

+9-XO 

0.00 

+I.7S 

—3.30 
-15.50 
-24- 33 


Neutral 
point 
A_ 

"B 


+195 
—236 


-62 


-143 


C-2773 
+356 


+J36 
[-"431] 


Author- 
ity. 


M 

(1 


T 
B 

M 

ti 

M 
t* 
«i 

T 
B 
S' 
M 

T 

M 

<i 

S 

T 

T 

M 

B 


T 

S 

MB 

B 

T 
(t 
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Tables  386  (<?<>" ti»«ed). -387. -THERMOELECTRIC  POWER. 

TABLE  S86. — Thermoelectrlo  Power  (continued). 


Substance. 

A 

Microvolts. 

B 
Microvolts. 

Thermoelectric  power 

at  mean  temp,  of 
Junctions  (microvolts). 

Neutral 
point 

"B' 

1 

Aa. 

thority. 

!    T 

20"  C. 

So'C. 

Palladium       .... 

—6.18   —0.0355 

—6.9 

—7.96 

—174 

Phosphorous  (red) 

— 

- 

+29.9 

M 

Platinum 

1         - 

— 

+0.9 

- 

— 

1     •• 

(hardened)    . 

-1-2.57 

— 0.0074 

+2.42 

+2.20 

347 

T 

(malleable)    . 

— 0.60 

p— o*.oi09 

—  .818 

—1. 15 

—55 

1     •* 

"      •wire 

- 

— 

— 

-ho. 94 

B 

"        another  specimen 

_                    -                    _ 

—2.14 

•• 

Platinum-iridium  alloys : 

85%Pt+i5%Ir       .       . 

4-7.90 

+0.0062 

+8.03 

+8.21 

[—1274] 

T 

90%  Pt-f  10%  Ir 

+5.90 

—0.0133 

4-5.63 

+5-23 

444 

•< 

95%Pt+    5%Ir      .       . 

+6.15 

+0.0055 

+6.26 

+6.42 

[-11 18] 

•  s 

Selenium 

- 

- 

+807. 

— 

M 

Silver 

H-2. 12    +0.0147 

+2.41 

+2.86 

—144 

.    T 

(pure  hard)  . 

- 

— 

+3.00 

— 

— 

M 

"      wire 

- 

- 

— 

+2.18 

— 

li 

Steel  . 

+  11.27 

—0.0325 

+  10.62 

4-9.65 

347 

T 

Tantalum 

- 

— 

—2.6 

— 

Tellurium  p    . 

— 

+500. 

- 

— 

H 

0    .       . 

- 

+  160. 

- 

— 

H 

Thallium  . 

— 

- 

+0.8 

— 

— 

- 

Tin  (commercial) . 

- 

— 

- 

4-0.33 

— 

H 

<• 

•       •       •       • 

— 

— 

+0.1 

— 

M 

—0.43 

+0.0055 

—0.33 

—0.16 

78 

T 

Tungsten . 

- 

- 

—2.0 

— 

- 

1 

Zinc  .... 

-^-2.32    +0.0238 

+2.79 

4-3.51 

-98 

T 

'*    pure  pressed  . 

** 

^ 

+3.7 

•~ 

M 

B    Ed.   Becquerel,  "Ann.  de  Chim.  et  de  Phys."    [4] 

vol.  8. 

S.   Bureau    of  j| 

Standards. 

M     Matthiesen,  "  Pogg.  Ann."  vol.  103,  reduced  by  Flen 

ling  Jenki 

n. 

T    Tait,  *•  Trans.  R.  S.  E."  vol.  27,  reduced  by  Mascart. 

■ 

H     Haken,  Ann.  der  Phys.  32,  p.  291, 1910.    (Electrical  conductivity 

of  Te^  = 

=0.04, 

Tea  1.7  e.  m.  units.)     Swisher,  191;. 

TABLE  887.«-T]ien&oel«otrio  Power  of  AII071. 

The  thermoelectric  powers  of  a  number  of  alloys  are  given  in  this  table,  the  aathoritv  being  Ed.  Becqoerel.  The/  are 
relative  to  lead,  and  for  a  mean  temperature  of  50^  C.  In  reducing  the  results  from  copper  as,a  reference  metal, 
the  thermoelectric  power  of  lead  to  copper  was  taken  as —  t.9. 


Substance. 


Antimony 
Cadmium 

Antimony 
Cadmium 
Zinc 

Antimony 
Cadmium 
Bismuth 

Antimony 
Zinc 

Antimony 

Zinc 

Bismuth 

Antimony 
Cadmium 
Lead 
Zinc 

Antimony 
Cadmium 
Zinc 
Tin 


Substance. 


Antimony 

Zinc 

Tin 

Antimony 
Cadmium 
Zinc 

Antimony 
Tellurium 

Antimony 
Bismuth 

Antimony 
Iron 

Antimony 
Magnesium 

Antimony 
Lead 

Bismuth 

Bismuth 
Antimony 


I 


o  a  o 


Substance. 


'1 

! 

35 

10.2 
8.8 


2-S  i 
1.4 

4 
43-8 
33-4 


Bismuth 
Antimony  • 

Bismuth 
Antimony 

Bismuth 
Antimony 

Bismuth 
Antimony 

Bismuth 
Tin 

Bismuth 
Selenium 

Bismuth 
Zinc 

Bismuth 
Arsenic 

Bismuth 
Bismuth  sulphide 


H  6 


■  1   ef — 

Hi 

si 


—68.2 


12 
I 

2 
I 

10 
I 

12 
I 

12 
I 


li 


—66.9 
60 

—24.5 

— 3I-I 
— 46X) 

6S.1 


Tablkb  388,  389. 


^^"^c- 

,.. 

Ag- 

«^ 

'^ 

P. 

«t 

^^1 

„. 

Rh. 

-.85 

—0.16 

-0... 

+0.24 

+0.77 

_ 

-0.28 

— 0.24 

—0-31 

—0.30 

—0^ 

—0-39 

—0.31 

•0.A 

■ 

■<kM 

ta 

-■300 

-■3-0 

■w 

■IJ> 

—0.37 

•2.1 

■ 

-  -400 

in 

■4-', 

M 

+0.12 

■3.7 

t^ 

H 

hS.! 

hi.9 
1-2.4 

1-7.2 

H 
-1 

hW 

ti-; 

t^ 

& 

+10.6 

t^^ 

+0,61 

+:.2 

-6.3 

Xtt 

iia 

■1.8 

I2.. 

-O.S 

■8.1 

■ 

+  "■7 

+  1000 

tn 

+ia6 

+  13-7 

+  1100 

—'3-5 

+(1300) 

+13-1 

+  "4.* 

+  20.4 

+(:500) 

L^ 

" 

1       ~      1 

" 

- 

+'5-6 

+  16.9 

TABU 

w.- 

Tlwmal 

B.  M.  F.  Of  PlatUmUoUw  AlloTi  Aiilut  Pan  PUttmam,  ta  KUUtAI».* 

10  p.  CI. 

.P.«.t 

^P.«.t 

m.ma.1 

diid. 

roo» 

0.2 1 

0.55 

0-63 

0.64 

0.64 

0.6s 

0.65 

0.42 

0.63 

1.85 

2.41 

*.53 

3.21 

3.16 

3^5 

3-45 

it 

3-5° 

3.64 

3-76 

700 

1.05 
'■45 

is 

4.17 

S..6 
5.19 

4.33 

+23 

4.55 
5-71 
6.94 

7.49 

?l 

k 

800 

1.6s 

m 

m 

8.2, 

9-37 

900 

9-57 

10.09 

11/xj 

M.74 

9.60 

9-57 

12.42 

12.94 

2.25 

1-53 

10.77 

10.74 

12.40 

13.25 

14.99 

'.n 

1300 

iS^ 

>o6 

13.02 

13.18 

'J.iJ 

30,67 

19.51 

1400 

ii 

'4-34 

!'.73 

r 

tS 

■  0.S6 

'.m 

■,m 

20,15 

1700 

1.46 

13.05 

17-83 

1S.03 

K 

21.47 

*3.6S 

1755 

3-56 

.=.44 

22.3; 

24.55 

.... 

•"• 
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TABLE  390.  —  Thermoelectric  Power;  Pressure  Effects. 

The  following  values  of  the  thermoelectric  powers  under  various  pressures  are  taken  from  Bridgman,  Pr.  Am.  Aad. 
Arts  and  Sc.  53,  p.  269, 1018.  A  positive  emf  means  that  the  current  at  the  hot  junction  flows  from  the  uncomprcsKd 
to  the  compressed  metal.  The  cold  junction  is  always  at  o**  C.  The  last  two  columns  give  the  constants  in  tbe 
equation  E  =  thermoelectric  force  against  lead  (o**  to  too"  C)  -  (il/  +  Bfl)  X  lo"*  volts,  at  atmospheric  pressoxe.  a 
positive  emf  meaning  that  the  current  flows  from  lead  to  the  metal  under  consideration  at  the  hot  junction. 


Metal. 


Bit 

Znt 

Tit 

Cd  t 

Constantanl. .  . . 

Pd* 

Pt* 

Wl 

Ni* 

Ag* 

ftFct 

Pb  t 

Au* 

Cu  t 

§Alt 

f  Mo  t 

ISnt 

Manganinf.  >  •• 

Mgt 

Cot 


Thermo-electric  force,  volts  X  10" 


Pressure,  kg/cm* 


3000 


4000 


8000 


12,000 


Temperature,  *  C 

SO« 

lOO* 

so' 

loo- 

SO* 

100° 

20- 

SO- 

S3 ,000 

8s  ,000 

1x0,000 

185,000 

255,000 

425.000 

185,000 

452^000 

6,200 

14,100 

13,000 

28,500 

26,XOO 

58,100 

14,400 

38,Soo 

4.930 

10,870 

9^80 

20,290 

17,170 

37,630 

8.780 

23,7So 

2,040 

7,Z20 

4,620 

14,380 

10,960 

28,740 

6.680 

19,180 

2,850 

S.9SO 

S.800 

11,810 

11,530 

23,790 

6,750 

17,200 

2,190 

4,380 

4,400 

8,800 

8,630 

17,690 

iX 

12.970 

x,8io 

3,600 

3,600 

7,310 

7.370 

14,350 

11,030 

1,190 

2,S|0 

i,63o 

2,360 

4.990 

4,690 

I0,Z20 

2,700 

7.050 

700 

x.soo 

3.400 

3.230 

7.X9O 

1,880 

S,i40 

840 

1,870 

1,720 

3,720 

3JSO 

7,190 

+1.900 

4,950 

390 

1,670 

S90 

3.250 

S,300 

5,820 

-990 

220 

460 

1,050 

920 

2,120 

z,86o 

4,210 

+880 

28X 

4S6 

1,052 

90s 

2,051 

1,791 

3.974 

+990 

3,627 

+292 

584 

+s8o 

1,2x6 

X,I24 

2,420 

+596 

1,6x6 

-70 

■    xox 

-91 

294 

32 

929 

-68 

312 

+93 

140 

+187 

278 

375 

S5S 

+146 

562 

+38 

+87 

H-s8 

+165 

+Z° 

+292 

-X82 

+  10 

—123 

—232 

-242 

-452 

-489 

-894 

-308 

"■^^2 

-84 

-167 

-181 

-362 

-39S 

-791 

-259 

-648 

-156 

-348 

-316 

—692 

—630 

-1,360 

-3S2 

-937 

xoo- 


710,000 

87,400 
52,460 

4S,S6o 

3S,470 

36.520 

21,570 

1S,140 

11,440 

xo,s6o 

7.680 

6,330 

S.760 

3,S46 

•  1,962 

833 

+390 

-1»314 
—1,396 
—  2,061 


Formula 
coefficients. 


-7442 
+3.047 
+1.659 

+X3.002 

-34-  76 

—5.496 

-  3  092 

+IS94 

—  17.61 

+2.SS6 
+16.18 

+2.899 
+2.777 
—0.4x6 
+S.892 
+0.230 
+1.366 
—0.095 
-17.32 


+ 
+ 

+ 

+ 


+  . 
+  . 
+  . 

+  . 

+  i 
+  . 


.0160 
,00495 
00134* 
.x6xo 

0397 
.01760 

01334 
,0170s 
,0178 
.0043*   I 


00467  *  ' 

00483 
oooo8« 

02167  * 

00067 

0004x4* 

00004 
0390 


*  Identical  wire  of  Tabic  398.    t  Another  wire  of  same  sample.     X     Different  sample. 
S  Results  too  irr^^br  for  interpolation  for  values  at  other  temperature  and  pressures;  see  original  article. 
(i)  — .o»56/»;  (2)  — .Oi86<»,  aimealed  ingot  iron;  (3)  — .06i66^;  (4)  — .04i/»;  (5)  —.0425^;  (6)  — .o«ii3^. 


TABLE  391.  —  Peltier  and  Thomson  Heats;  Pressure  Effects. 

The  following  data  indicate  the  magnitude  of  the  effect  of  pressure  on  the  Peltier  and  Thomson  heats.  Th^  refer 
to  the  same  samples  as  for  the  last  table.  The  Peltier  heat  is  considered  positive  if  heat  is  absorbed  by  the  [tositive 
current  from  the  surroundings  on  flowing  from  uncompressed  to  compressed  metal.  A  positive  d^E/dfi  means  a  larEcr 
Thomson  heat  in  the  compressed  metal,  and  the  Thomson  heat  is  itself  considered  positive  if  heat  is  absorbed  by  the 
positive  current  in  flowing  from  cold  to  hot  metal.    Same  reference  and  notes  as  for  preceding  table. 


Metal. 


Peltier  heat. 
10"  X  Joules/coulomb. 


Pressure  kg/cm* 


6000 


12,000 


Temperature  "  C 


+1070 
+q8 
+66 
+19 
+46 
+35 
+23 
+17 
+11 
+13 

—  XX 

+7 
+6 

+4 

—  2 

+1 
—I 

—  2 
-16 
—23 


so" 

xoo*- 

o* 

50" 

+IVO 

^^^ 

+2580 

+2810 

+140 

+X90 

+190 

+278 

+95 

+124 

+X12 

+171 

+71 

+xx8 

+8x 

+148 

+57 

+70 

+90 

+  114 

+43 

+52 

+68 

+86 

+37 

+35 

+4S 

+76 

+25 

+32 

+36 

+49 

+17 

+23 

+24 

+37 

+17 

+23 

+25 

+34 

+18 

+15 

-38 

+38 

+10 

+x6 

+14 

+  20 

+10 

+14 

+13 

+  18 

+6 

+8 

+8 

+11 

+2 

+8 

-3 

+7 

+2 

+0 

+2 

+4 

+1 

+1 

-5 

+2 

—  2 

—  2 

-4 

-4 

-18 

—21 

-35 

-42 

-33 

—44 

-46 

-67 

100 


+412 
+229 

+  22X 
+  140 
+  103 

+6s 
+65 
+50 
+44 
+36 
+30 

+  25 
+16 

+17 

+  1 

+2 

—4 

-48 

-90 


Thomson  heat, 
xo«  X  Joules/coulomb/*  C 


Pressure  kg/cm* 


6000 


II 


12,000 


Temi)erature  '  * 

C 

o* 

so' 

lOO* 

o* 

SO* 

+1150 

+650 

M^M 

-520 

-405 

+41 

+48 

+  56 

+63 

+133 

+38 

+28 

+  26 

+79 

+63 

+109 

+74 

+  63 

+  IOS 

+92 

+S 

+6 

+6 

+13 

+14 

+3 

±t 

+4 

+9 

+9 

+49 

-18 

+96 

+17 

+8 

+? 

+6 

+9 

+14 

+9 

+7 

+8 

+x6 

+15 

+4 

+S 

+6 

+7 

+8 

+79 

+S8 

—  X2I 

-347 

+120 

+2 

+4^ 

+  10 

+6 

+8 

+4 

+5 

+6 

+6 

+4 

+1 

+4 

+6 

+3 

+6 

+9 

+11 

+  21 

+16 

+1 

-5 

—  X 

+2 

—II 

+6 

+0I 

—  X 

+29 

+2 

+1 

+1 

+0 

+2 

+  1 

0 

0 

0 

0 

0 

—14 

—II 

1 

—10 

—  20 

-24 

xoo" 


+330 
+50 

+93 

+17 

+8 

+59 

+20 

+10 

+10 
-194 

+20 

+7 
+8 

+20 

—2 

-S 

+1 

o 

-28 


*  t  t  S  Same  nignifiranrr  as  in  preceding  taUe. 
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The  coefficient  of  Peltier  effect  may  be  calculated  from  the  constants  A  and  B  of  Table  386,  as 

there  shown.     With  Q   (see  Table  386)   in  microvolts  per  *  C.  and   T—  absolute  temperature   (X), 

QT 
the  coefficient   of  Peltier  effect=  -  -  cal.   per  coulomb^ 0.00086  QT  caL   per  ampere-hour=a07'/iooo 

millivolts  (=millijouIes  per  coulomb).  Experimental  results,  expressed  in  slightly  different  units* 
are  here  given.  The  figures  are  for  the  heat  production  at  a  junction  of  copper  and  the  metal 
named,  in  calories  per  ampere-hour.  The  current  flowing  from  copper  to  the  metal  named,  a  posi- 
tive-sign indicates  a  warming  of  the  junction.  The  temperature  not  being  stated  by  either  author, 
and  Le  Roux  not  giving  the  algebraic  signs,  these  results  are  not  &f  great  value. 


Calories  \^x  ampere-boor. 

• 

1 

JQ 

Sb.  com- 
mercial. 

■ 

a 

■ 

3 
—.62 

German 
Silver. 

• 

• 

^ 

4 

Jahn*     .    . 

— 

— 

- 

— 

— 

—3.61 

436 

0.32 

—.41 

-.58 
•39 

Le  Kouxt  . 

13.02 

4.8 

I9.I 

25.8 

0.46 

2.47 

2.5 

— 

— 

— 

•  "  Wied.  Ann.'*  vol.  34i  P.  767. 

t  "  Ann.  de  Chim.  et  de  Phys."  (4)  vol.  10,  p.  201. 

X  Becquerel's  antiraonjr  is  806  parts  Sb  -{-  ^od  parts  Zn  -f- 121  parts  Bi. 

%  Becquerers  bismuth  is  10  parts  Bi  +  i  part  Sb. 


TABLE  898.-Ptltl0r  Blltot,  Ft-Oonitantan,  Hl-Oii,  O-BM^^  0. 


1 

Temperature. 

1 

oo 

aoo 

130° 
4.5 

240O 
6.2 

3ioO 
8.2 

1. 91 

S(xP 

1 
1 
I 

Fe-Constantan .    .    . 

3-' 

.    2.15 

12.5 

f  in  Gram.  Cal.;x-io« 
I  per  coulomb. 

Ni-Cu 

1.92 

2.45 

2.06 

2.38 

TABLE  894.  —  Ptltler  Bleotramotlv*  Fone  in  MlUlTolti. 


Metal 
against 
Copper. 

^ 

• 

^ 

• 

< 

An. 

■ 

• 

B 
CO 

• 

< 

& 

S 

• 

2 

Le  Roux 

-5.64 

—2-93 

—•S3 

—  45 

- 

- 

- 

- 

- 

- 

- 

- 

+22.3 

Jahn  .    .    . 

- 

—3.68 

—.72 

—.68 

-.48 

- 

- 

+.56 

- 

+.37 

- 

+5.07 

- 

Ediund  .    . 

- 

— a.  96 

—.16 

— .01 

+.03 

+.33 

+.50 

+.70 

-}-|.02 

+2.17 

- 

+»7-7 

Caswell  . 

- 

- 

- 

- 

+.03 

- 

- 

- 

+.70 

+  «5 

- 

+6.0 

-I-X6.1 

Le  Roux,  1867;  Jahn,  t888;  Ediund,  1870-71 ;  Caswell,  Phys.  Rev.  33,  p.  381,  191 1. 
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Tables  395-306. 


TABLE  895. 
THE  TR I  BO-ELECTRIC  SERIES. 

In  the  following  table  it  is  so  arranged  that  any  material  in  the  list  becomes  positively  electrified  when 
rubbed  by  one  lower  in  the  list.  The  phenomenon  depends  upon  surface  conditions  and  circuxEr 
stances  may  alter  the  relative  positions  in  the  list. 


I  Asbestos  (sheet). 

13  Silk. 

34  Amber. 

a  Rabbit's  fur,  hatr.  (Hg). 

14  Al.  Mn,  Zn,  Cd,  Cr,  felt, 
band,  wash-leather. 

2<  Slate,  chrome-alum. 

36  Shdlac,  resin,  sealins^wax. 

3  Glass  (combn.  tubing). 

4  Vitreous  silica,  opossum's 

i<  Filler  paper. 

27  Ebonite. 

fur. 

1 6  Vulcanized  fiber. 

a8  Co,  Ni,   Sn,   Cu,   As»   Bi. 

5  Glass  (fusn.). 

6  Mica. 

17  Cotton. 

Sb,  Ag.  Pd.  C,  Te.  Eu- 

18  Magnalium. 

19  K-alum,     rock-salt,     satin 

reka,  straw,  copper  sul- 

7 Wool. 

phate,  brass. 

8  Glass  (pol.),  quartz  (pol.). 

spar. 

29  Para  rubber,  iron  alimi. 

glazed  porcelain. 

20  Woods,  Fe. 

30  Guttapercha. 

9  Glass  (broken  edge). 

21  Unglazed    porcelain,     sal- 

31  Sulphur. 

ivory. 

ammoniac. 

32  Pt.  Ag.  Au.* 

10  Calcite. 

22  K-bichromate,   paraffin. 

33  Celluloid. 

1 1  Cat's  fur. 

tinned-Fe. 

34  Indiarubber. 

12  O-    Mg,    Pb,    fluor    spar, 
Dorax. 

23  Cork,  ebony. 

Shaw,  Pr.  Roy.  Soc.  94,  p.  x6, 
due  to  varied  conditions. 


X917;  the  original  article  shows  the  alterations  in  the  series  sequence 


TABLE  S96« 

AUXILIARY  TABLE  FOR  COMPUTING  WIRE  RESISTANCES. 

For  computing  resistance  in  ohms  per  meter  from  resistivity,  p,  in  michroms  per  cm.  cube  (see 
Table  397,  etc.).  t.  ^.  to  compute  for  No.  23  copper  wire  when  p  =  1.724  :  i  meter  =  00387  + 
.027 1  4-  •0008  +  .0002  s=  ao668  ohms ;  for  No.  1 1  lead  wire  when  p  ^  20.4 ;  i  meter  =  0.0479  + 
.0010  ^  0.0489  ohms.  The  following  relation  allows  computation  for  wires  of  other  gage  num- 
bers :  resistance  in  ohms  per  meter  of  No.  N  ^  2(ff  —  3)  within  i  %:  e,g,  resistance  of  meter  uf 
No.  18  =  2  X  No.  15. 


Diam. 
in 

1 

p  in  micro-ohms  per  cm.  cube. 

*^ 

Section  - 

1. 

2. 

3. 

4.            5. 

6. 

7. 

0- 

9. 

13. 

'    mill '. 

0000 

Resistance  of  wire  i  meter  1 

ODK  in  oh 

ms. 

"•7 

to7.a 

.o»933 

.0,187 

.0,380 

.0,373 

.0,466 

.0,560 

•03653 

.03746 

.0,840 

.03933 

00 

9*7 

67-43 

•03«48 

.<^297 

.0*145 

•o»593      •0,74a 

.03890 

.0,104 

•0,119 

.0,133 

.0,148 

735 

4a.4i 

.0,236 

.«»47a 

.03707 

.0,943      .0,118 

.0,141 

.0,165 

•0,189 

.0,312 

•0,236 

5.83 

a6.67 

.o»375 

.0,750 

.0,112 

.0,150 

.0,187 
.0,398 

.0,225 

.0,262 

.0,300 

•0,337 

•OU75 

4.6a 

X6.77 

.0,596 

.0,119 

.0,179 

.0,239 

.0,358 

.0,417 

.0,477 

.0|537 

•0,596 

3.66 

10.55 

.o»948 

.0,190 

•0,384 

.0,379 

.0,474 

-0,569 

.0,664 

.0,758 

•0,853 

•0,948 

a.91 

6.634 

.0,151 

.0,301 

•0,45a 

.0,603 

.01754 

jOaOOA 

••"jyT 

JOX06 

JOX3I 

W0136 

.0x51 

a.30 

4.17a 

.0,240 

•O1479 

•0,719 

•0,959 

.01 30 

•0144 

«i68 

.0x9s 

.03 16 

.0340 

1.83 

3.624 

.0,381 

.0,762 

.0114 

W0153 

.0x9  c 

.0339 

.0367 

.0305 

•0343 

.03S1 

iw|5 

1.650 

.0,606 

.oiai 

.0183 

.0243 

.0303 

.0364 

-0434 

.0485 

.0545 

«o6o6 

X.15 

1.038 

•0,963 

•o»93 

.0289 

^385 

.0483 

.0578 

-0674 

.077  « 

.0867 

.0963 

.9" 

.6527 

•0'53 

.0306 

.0460 

.0613 

d0766 

.0919 

,X073 

.xa:6 

•«379 

.«53a 

.7»3 

.4105 

.0244 

.0487 

.0731 

•0974 

.1218 

.X463 

.X705 

.1949 

.3193 

.3436 

.573 

•asSa 

.0387 

•0775 

.X163 

.«549 

.1936 

.a3a4 

.3711 

.3098 

.3486 

•?*n 

•455 

.1624 

.0616 

.1233 

.1847 

.3461 
•39«8 

.3079 

.3695 

.43  »o 

.4926 

.554a 
.881S 

.6x58 

.3ft« 

.Z021 

.0979 

.1959 

.3938 

.4R97 

.5877 

.6856 

.7835 

•9794 

.386 

-0642 

•>557 

.3114 

.4671 

.6228 

.7786 

.9343 

1.090 

X.246 

X.40S 

a.  $57 

.a*7 

.0404 

.2476 

.495a 

.7428 

.9904  .  X.238 

X.486 

X.733 

X.981 

3.338 

a-476 

.180 

.0254 

•3937 

.7874 

x.tSi 

1-575 

X.968 

a. 363 

3.756 

3.»So 

3.543 

3-937 

.143 

.0160 

.6263 

X.252 

1.879 

a.  505 

3. 131 

3. 757 

4-383 

5.009 

5.636 

6.363 

.113 

.0100 

.9950 

1.990 

2.985 
4.748 

3.9S0 

4.975 

5.970 

6.965 

7.960 

8.955 

9.950 

39 

.090 

.0063 

1.583 

3.166 

6.33 « 

7.9»4 

9.497 

xt.oS 

X2.66 

X4.35 

X5.83 

40 

«8o 

.0050 

1.996 

3.99a 

5^988 

7-984 

9.980 

ZX.98 

13.97 

«5-97 

17.96 

19J96 

SlIITHSeillAfI  TABLt«« 
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The  nsbtivities  axe  the  values  of  p  in  the  equation  R  ^  pl/s,  where  IS  is  the  resistance  in  microhms  of  a  length 
t  cm  of  uniform  cross  section  s  cm*.  The  temperature  coefl&cient  is  a«  in  the  formula  Rt  "  R»[i  +  a»(t  —  t»)\.  The 
information  of  ccdumn  2  does  not  necessarily  Bpply  t»  the  temperature  coefficient.  See  also  next  table  for  tempera- 
ture coefficients  o^  to  xoo*  C. 


Substance. 


Advance 

Alxmiinum . . . 

« 
It 
>< 
t« 

Antimony. . . . 
-  <i 

It 

Arsenk 

Bismuth 

ti 

Brass. ....... 

Cadmium 

«• 

i< 

•( 

Caesium 

H 
(« 

tt 

Caldum 

Calido 

Chromium . . . 

Climax 

Cobalt.. 

Constantan . . 
t* 

(f 

tt 

tt 

Co|i|per 

tt 

tt 

tt      '      ' 

ii 

Eureka 

Excello 

Gallium 

German  silver 

Gold 

<i 

(c 
(t 

UIa'.'.'.'.'.'.'.'. 

Ideal 

Indium 

Iridium 

M 
M 


Remarks. 


see  constantan 
•eep.  334 


It 


Tempera- 
ture, 
•C 


liquid 


drawn 
tt 

A 

liquid 

solid   \~ 
liquid  / 
99.57  pure 
see  constantan 


99-8  pure 

60%  Cu,  40%  Ni 


annealed 

hard  .drawn 

electrolytic 
tt 

pure 

very  pure,  ann'ld 

see  constantan 


18%  Ni 
99.9  pure 

pure,  drawn 
99-9  pure 
see  constantan 


so. 

-189. 

—100. 

o. 

H-ioo. 

400. 

20. 

-190. 

+860. 

o. 

18. 

xoo. 
so. 

-160. 

x8. 

zoo. 

3x8. 

—187. 

o. 

27. 
30. 

so. 

o. 
so. 
20. 
so. 


20. 

20. 

—206. 

+205. 

400. 
so. 

20. 

o. 

so. 

-X83. 

o. 
so. 

X94.5 


o. 
-x86. 

o. 
+100. 


Microhm- 
cm 


s.8s8 
0.64 

I -S3 
2.6s 
3.86 
8.0 
41.7 
10.5 
x'20. 

35- 
1x9.0 

z6o.s 

7. 
S.72 

7-54 
8s 

X 

as 


9 

34 

S 

19 

ss 

36 

4 


2 

6 
6 


S.6 
87. 

9.7 
49 


1-724 

X.77 

O.X44 

2.9s 

4.X0 

X.692 

92. 

53- 

33- 
0.68 
s.ss 

S.44 
3.77 


8.37 

1.93 
6.XO 
8.3 


Refer 
ence. 


I 
3 
3 
3 
3 
3 
5 
6 

7 
8 

9 

9 

S 

xo 

9 
9 

XX 
IS 
XI 

13 
13 
14 

IS 

5 

x6 

S 


X 

z 

17 

17 

3 
z8 

S 

X2 

5 
17 

XX 

9 
17 


19 
20 
20 
20 


Temperature  coefficient. 


i8» 

as 
xoo 
Soo 


20 


20 

20 
20 


20 

12 

as 

100 

200 

soo 

20  see  col. 
ft    It     ti 

xoo 

400 

xooo 


20 

so 

20 

xoo  ann'ld 
500     " 
xooo     " 


at 


+.0039 
+.0034 
+  .0040 
+.0050 


+  .0036 


+.004 

+  .002 
+  .0038 


Refer- 
ence. 


2 
4 
4 
4 


+  .0036 


+  .0007 

+  .000008 
+  .000002 

—  .000033 

—  .000020 

+  .000027 

+  .00393 
+  .00383 
+  .0038 
+  .004S 
+  .0063 


+  .00016 

+  .0004 
+  .0034 

+  .002S 

+.003S 
+  .0049 


5 
5 


14 


4 
4 
4 
4 
4 
5 
S 
4 
4 
4 


S 
5 

4 
4 
4 


Smithsonian  Tables. 


324 


Table  S97  (coHiinued). 
RESISTIVITY  OF   METALS   AND   SOME  ALLOYS. 


Substance. 


Iron. 


it 
tl 

<4 
It 
<4 


Steel. 


<< 
•I 
•t 
t< 
i< 
It 


Lead 


Lithium 


Magnesium 


44 
ft 


Manganese. 
Manganin.. 


M 

it 


Mercury. 


tf 
It 
tt 
it 
<t 
tl 
It 
It 
It 
It 


Molybdenum. 


it 
«• 


Monel  metaL. 
NiduoBM. . . . 

Nickel 


It 
II 
II 
It 


Remarics. 


99-98%  pure 
pure,  soft 


tl 
It 
<i 


It 

It 

.  It 


£.  B.  B. 
B.B. 

Siemens-Martin 
nuuigancse 
35%  Ni,  "invar, 
piano  wire 
temp,  glass,  hard 

"     I  yellow 

••     ,  blue 

"     .soft 

cold  pressed 


>i 


Tempera 
ture, 

•c 


tl 
II 
II 


II 
II 
II 


solid 

•I 

II 
liquid 

free  from  Zn 


It 
II 


II 


II 
It 


pure 

84  Cu,  12  Mn,  4  Ni 


solid 


liquid 
<< 

It 

II 


drawn 


pure 
11 


II 
•I 


so. 
-205.3 
-78., 
o. 

+98.  S 

X96.X 

400. 

30. 

30. 

20. 

20. 

30. 

o. 

o. 

o« 

o. 

o. 

30. 

-183. 

-78. 

o. 

-H)o-4 
196. 1 
3x8. 
-187. 
o. 

99.3 

330. 

20. 

-183. 

-78. 

o. 

+98.5 

400. 
20. 


20. 

-183. S 
-X02.9 

-SO.  3 

-39.  a 

—36.1 

0.0 

SO. 

XOO. 

200. 

3SO. 

20. 


so. 

20. 

20. 
-182. 5 
—78.2 
o. 

94  9 
400. 


Microhm- 

Refer- 

cm 

ence. 

xo. 

5 

0.652 

17 

5. 32 

17 

8.85 

17 

17.8 

17 

21. s 

17 

43.3 

3 

X0.4 

S 

XX. 9 

S 

x8. 

5 

70. 

S 

8x. 

33 

XX. 8 

a3 

45.7 

a3  . 

27. 

a3 

30.5 

33 

IS. 9 

a3 

23. 

5 

6.03 

17 

X4.I 

17 

30.4 

17 

38.0 

17 

36.9 

17 

94. 

34 

X.34 

X3 

8. 55 

X3 

13. 7 

13 

45.  a 

»S 

4.6 

5 

x.oo 

17 

a. 97 

17 

4-3S 

17 

5.99 

17 

II. 9 

3 

5.0* 

IS 

44. 

S 

95.783 

5 

6.97 

17 

IS. 04 

17 

91.3 

17 

U,i 

17 

17 

94.07 
98.  SO 

17 

97 

103.35 

■  a4 

1x4.97 

a4 

X3S.5 

a4 

5.7 

5 

4a. 

S 

XOO. 

5 

7.8 

5 

X.44 

28 

431 

0.93 

28 

28 

XX. x 

28 

60.9 

3 

Temperature  coefficient. 


20 

o 

as 

100 

Soo 

xooo 


20  see  col.  2 

II    I.    II     II 


It    It    14     It 


o  see  col.  a 

It       It       41         11 


o  see  coL  2 

30 
x8 


90 

o 

95 

XOO 

soo 
600 

13 

3S 
XOO 

350 

475 
Soo 

30 

O 

Ri  -  ^o(x  + 
.ooo89f + 
.oooooxP) 


95 

XOO 

xooo 

so 
30 

30 

o 

as 

XOO 

500 
xooo 


-l-.ooso 
4-.oo6a 
+  .0053 

+  .0068 

+  0147 
4-.  0050 

+.00S 
+.004 
+.003 
-i-.ooi 

+  .0039 
4-.  0016 

+.0033 

+.0039 
+  0043 


RefcT- 


+  .004 
+.0038 
+  0050 

4-.004S 
+  .0036 
+.0x00 

-{-.000006 
.000000 

~-.OOOQ43 

—  .000053 

—  .000000 

— .OOOIX 

-{-.00089 

+.00088 


.0033 
.0034 
.0048 

.0030 
.0004 
.006 
.006a 

.bo43 
.0043 
.0030 

.0037 


5 
21 

4 
4 
4 
4 

5 
5 

5 
5 

93 
93 

93 

5 

3 


36 


4 
4 
4 
S 
5 
5 
H 
4  ■ 
4  I 
4 
4 
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Substance 

Remarks. 

Osmluzn 

very  pure 
II       II 

II       II 

II      II 

wire 
<i 

II 

II 

solid 
II 

II 
liquid 

90.98  pure 
electrolytic 

solid 
II 

II 

i« 

liquid 

pure 
II 

II 

II 

1000* K 

X5C»*K 

aooo*K 

300o'K 

3SOO-K 

trace  Fe 
•1       II 

M             11 
M             II 
M             ii 

liquid 

PAlladium 

II 

•1 

•  •  •  •  * 

II 

II 

Platinum 

»• 

II 

14 

II 

II 

PntAfWIum 

11 

i< 

Rhodium 

II 

«■ 

II 

Rnhiilium 

II 

II 

II 

Silicium 

Silver 

II 

II 

II 

II 

II 

II 

Sodiimi 

II 

II 

11 

II 

Strontium 

Tantalum 

Telluritmi 

ThflHium 

II 

II 

II 

Therlo 

Tin 

II 

11 

II 

II 

'  Titanium 

Tungsten 

11 

II 

II 

II 

Zinc : 

II 

II 

II 

II 

II 

Tempera- 
ature, 

•c 


20. 

ao. 

-183. 

-78. 
o. 

98.  s 
20. 
—  203.1 

-97  S 

o. 
100. 
400. 

-75- 
o. 

55- 
-186. 

—78.3 

o. 

100. 

-190. 

o. 

35- 
40. 
20. 
x8. 
-183. 

-78. 
o. 

98. IS 
X92.X 
400. 
—180. 

-75. 
o. 

55. 

1x6. 

30. 

so. 

X9.6 

—183. 

-78. 

o. 

98. S 

ao. 

ao. 

—184. 

-78. 

o. 

91.45 

ao. 
727. 

1327. 
1727. 
2727. 
3227. 
-X83. 
-78. 

o. 

92.45 
191. 5 
440. 


Michrom- 
cm 


t 


60.3 
II. 
2.78 

717 
10.21 

13.70 
10. 

2-44 
6.87 
XO.06 
14.8s    , 
36. 
o 
I 

8.4 
0.70 
3.09 
4.69 
6.60 

2.5 
XI. 6 

13.4 
19.6 

S8.  * 
X.629 
0.390 
1. 021 
X.468 
a. 062 
a. 608 

3.77 
x.o 
2.8 
4-3 

5.4 
10.2 
24.8 

I5S 
200,000 
4.08 
XX. 8 
17.60 
24.7 
47. 
II. 5 

if 

0.0 
13. o 


3 
2 

SI 
3 

4 
4 


x8 

3 

5 
25 

41 

59   . 
98.9 
118. 
X.63 

3-34 

5. 75 
8.00 

10.37 
37.2 


Refer- 
ence. 


Temperature  coefficient. 


3 

5 

17 
17 
17 
17 

5 

17 
17 
17 
17 

3 
13 
13 
13 
ao 
20 
30 
20 
13 
13 
13 
13 


17 
17 
17 
17 
17 

3 
13 
13 
13 
13 
13 

8 


17 
17 
17 
17 
.  5 
5 
17 
17 
17 
17 
IS 
29 

29 
29 
29 

29 
39 

17 
17 
17 
17 
17 
7 


20 

o 


20 

o 


30 

25 
100 
500 


20 


20 
20 


x8 

Soo 

xooo 


20 


4-.  0033 
H-.oojs 


+  003 
+  0037 


+  .0038 
+  .0030 
+.0036 
+  .0044 


+  0031 


4-.00001 
+  .0042 


+.0045 
+.OOS7 
-I-.0089 


+  .0037 


Refer- 
ence. 


5 

31 


5 
21 


5 

4 
4 
4 


5 

5 


3 
4 

4 


References  to  Table  397:  (x)  See  page  ^34;  (3)  jSger.  Diesselhorst,  Wiss.  Abh.  D.  Phys.  Tech.  Reich.  3,  p.  369. 
1900;  (3)  Nicolai,  X907;  (4)  SomerviUe,  Phys.  Rev.  31,  p.  361,  1910;  33,  p.  77,  19x1;  (s)  Circular  74  of  Bureau  of 
Standards,  1918;  (S)  Eucken,  Gelhoff;  (7)  de  la  Rive;  (8)  Matthiessen;  (9)  TlLger,  Diesselhorst;  (10)  Lees,  1908; 
(11)  Mean;  (13)  Guntz,  Broniewski;  (13)  Hackspill;  (14)  Swisher.  1917;  (15)  Shukow;  (16)  Reichardt,  1901; 
(17)  Dewar,  Fleming,  Dickson,  1898;  (18)  Wolff.  Dellinger,  1910;  (19)  Erhardt,  x88i;  (30)  Broniewski,  Hackspill, 
X91X;  (21)  Dewar,  Fleming.  X893,  x8o6;  (23)  Circular  58,  Bureau  of  Standards,  1916;  (23)  Strouhal,  Bams,  1883; 
(24)  Vincentini,  Omodei,  x8oo;  (25)  Benuni,  190^;  (26)  Glazebrook,  Phil.  Mag.  20,  p.  343,  x88s;  (27)  Grimaldi, 
x888;  (28)  Fleming,  X900;  (39)  tiangmuir.  Gen.  Efec.  Rev.  19, 19x6. 
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Tables  SM-mt. 
TABLE  898.  —  Refistance  of  Metals  under  Pressure. 


The  average  temperature  coefficients  are  per  *  C  between  o*  and  xoo*  C.  The  instantaneous  pressure  ooeffideots 
are  the  values  of  the  derivative  ii/r)[dr/dp]t,  where  r  is  the  observed  resistance  at  the  pressure  p  and  tempentiue  t. 
The  avenge  coefficient  is  the  total  change  <k  resistance  between  o  and  x2,ooo  kg/cn^  divided  by  x3,ooo  and  the  resist- 
ance at  atmospheric  pressiire  and  the  temperature  in  question.  Table  taken  from  Proc.  Nat.  Acad.  3,  p.  xx,  xgxj.  For 
coefficients  at  intermediate  temperatures  and  pressures,  see  more  detailed  account  in  Proc.  Amer.  Acad.  52.  p.  57 j. 
19x7-  Sn,  Cd.  Zn,  Rahlbaum's  "K  "  grade:  Tl,  Bi.  electrolytic,  high  purity;  Pb,  Ag,  Au,  Cu.  Fe.  Pt.  of  csceptioDal 
punty.    Al  better  than  ordinary,  others  only  of  high  grade  commercial  purity. 


In. 

Sn. 

Tl. 

Cd 

Pb. 

Zn. 

Al. 

is; 

Cu, 

Ni. 

Co. 

Fe. 

Pd. 

Pt. 

Mo 

Ta. 

W.. 

Mg 

Sb. 

Bi.. 

Te. 


Average  temperature 

coefficient 

o*  to  xoo*  C 


At 
okg 


+  .00406 
.00447 
.00517 
.00434 
.0043X 
.004x6 

.00434 
.004074 

.003968 
.004393 
.004873 
.003657 
.006206 
.003x78 
.003868 
.004336 
.002973 
.003219 
.00390* 

.00473 

+  .00A38 

-.0063 1 


At 

X2,000  kg 


+.00383 
.00441 
.00499 

.004x8 
.004x3 
.00420 

.00435 

.004069 

.003964 
.004303J 
.004855 

.003676 

.006x84 

003185 

.003873 
.004340 
.002967 
.0032x6 

.00403 
+.00395 


Pressure  coefficimts. 


Instantaneous  coefficient. 


At< 

a*C 

okg 

X2,000  kg 

—  .04x226 

—  .0410x6 

.04x044 

.040936 

.04XX80 

.04x3x9 

.04x063 

,040837 

.04x442 

.04X320 

.040540 

..040425 

.0404x6 

.040365 

.040358 

.O4O32X 

.040312 

.040286 

.04020X 

.040X79 

.040x58 
.040094 

.040x43 
.040081 

.040241 

.0402X8 

.040X98 

.040X90 
.040l8x 

.040198 

.040X33 

.040x26 

.040149 

.040139 

.040x28 

.040X3I 

.04055 

— 

+  .04I220 

+  .O4IO64 

+  .04I54 

+  .O403X3 

—  .01X29 

" 

At  loo*  C 


okg 


—  .04X5I0t 

.04x063 
.04x456 
.04XX06 

.04x483 
.040524 

.040397 
•0403S5 
.040304 
.040x84 
.040x63 
.040076 
.040347 
.040x89 
.040190 
.040x30 

.040x53 
.040x30 

+.040768 
+.04x52  § 


X 2.000  kg 


—.04x073? 
.040973 

.04X300 
.040887 
.04X337 
.040407 
.040373 

.04033  X 

.040392 
.040175 
.040X56 
.040070 
.040230 
.040x87 
.040X82 
.040x25 
.040X47 
.040123 

+.0407  23 

+.04x895§ 


Average  coefficient 
o  to  X 2,000  kg:.' cm* 


.'^to' 


—  .04I03I 
.040930 
.041X51 
.0*0894 
.04X3X2 
.040470 
.040383 
.040333 
.040287 
.040x83 
.040x47 
.040087 
.040236 
.040X00 
.040X07 
.040129 
040X43 

.040x33 
.040S5 

+  .04I220 
+  .042228 


At  loo* 


+ 
+ 


.04X13X  X 

04095X 

.04x236 

.040927 
.04x253 

.04Q454 

.040377 

.040336 
.040293 

040x77 
.040158 
.040073 

040335 

.o«>x86 
.040x84 
.040x36 
.040x49 
.040x26 

.040768 
.04X980  § 


*  O*  to  20*. 


t  O*  to  34*. 


t  Extrapolated  from  50*. 


i  Extrapolated  from  75*. 


TABLE  899.  —  Resistance  of  Mercury  and  Manganin  under  Pressure. 

Mercury jpure  and  free  from  air  and  with  proper  precautions,  makes  a  reliable  lecondai^  electric-resistaiice 
sure  gage.  For  construction  and  manioulatioo  see  "The  Measurement  of  High  Hydrostatic  Pressure;  a  Secoi 
Mercuxy  Resistance  Gauge,"  Pr.  Am.  Acad.  44.  p.  321,  X9X9. 


Pressure,  kg/cm* 


R(P,  -75') 

R(p,  25^).. 

lf'(>Vi3S-V. 


0.9186 
x.oooo 
I. 0000 

1.0970 


Soo 


0.905s 
0.9836 

0.9854 

X.0770 


xooo 


0.8930 
0.9683 
0.9716 
X.0580 


X500 


0.88x8 

0.953s 
0.9588 

X.0400 


9000 


0.87x4 
0.9394 

0.9463 
X.0230 


2500 


0.8582 
0.9258 
0.9343 
X.0070 


3000 


0.8478 
0.9x28 
0.9338 

0.9908 


4000 


0.8368 
0.8882 

0.90x0 

0.9614 


5000 


0.8076 
0.8653 


0.8806 
0.9343 


6000 


0.7896 

0.8438 
0.86x6 
0.9086 


6500 


0.7807 
0.8335 
0.8527 
0.8966 


*  This  Une  gives  the  Specific  Mass  Resistance  at  35*,  the  other  lines  the  specific  vdume  resistance. 

The  use  of  mercury  as  above  has  the  advantage  of  being  perfectly  reproducible  so  that  at  any  time  a  preasure  can 
be  measured  without  recourse  to  a  fundamental  standard.  However,  at  o**  C  mercury  freeses  at  7590  kg/cm*.  Han- 
nnin  is  suitable  over  a  much  wider  range.  Over  a  temperature  range  o  to  50*  C  the  pressure  resistance  rdatkm  b 
linear  within  x/xo  per  cent  of  the  change  of  resistance  up  to  X3,ooo  kg/cm*.  The  coefficient  varies  slightly  with  the 
sample.  Brid^nan^s  samples  (German)  had  values  of  (AR/pRo)  X  xc^  from  3395  to  3335.  These  are  +  instead  of 
— ,  as  with  most  of  the  above  metals.  See  "The  Measurement  of  Hydrostatic  rressuie  up  to  ao,ooo  Kilograms  per 
Square  Centimeter."  Bridgman,  Pr.  Am.  Acad.  47,  P-  33X,  X9xx. 
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CONDUCTIVITY  AND  RESISTIVITY  OF   MISCELLANEOUS  ALLOYS. 

TEMPERATURE  COEFFICIENTS. 


Conductivity  in  mhos  or 


ohms  per  cm.* 


Yr^YoCi — at+bt*)  and  resistivity  in  microhms— cm 


Metals  and  alloys. 


Composition  by  weight. 


Gold-copper-silvcr  . 


41 


•  < 
tt 


« 


Nickel-copper-zinc  . 


Brass 


II 
If 


hard  drawn 
annealed 


German  silver 


u 


It 


58.3AU  +  26.5CU+  15.2  Ag 

66.5  Au-I- 15.4  Cu -1-18. 1  Ag 

7.4Au-i-78.3Cu-f- 14.3  Ag 


ri2.84  Ni  -h  30.59  Cu  4- 
16.57" 


Zn  by  volume  . 


Various  .... 
70.2  Cu4-29.8Zn  . 


.} 


7o 
10* 


flXio« 


41 


<< 


Various 


{60. 16  Cu  +  25.37 Zn  4- 
14 .  03  Ni  4- .  30  Fe  with 
of  cobalt  and  mangan< 


Aluminum  bronze  . 

Phosphor  bronze 

Silicium  bronze  .     . 

Manganese-copper . 
Nickel-manganese- 
copper  .... 

Nickelin   .     .     .     . 

Patent  nickel 

Rheotan   .     .     .     . 

Copper-manganese- 
iron  

Copper-manganese- 
iron 

Copper-manganesc- 
'iron 


trace 
manganese    .j 


7.58 

6.83 

28.06 


4.92 


574* 

529t 
1830* 

AAA% 


30  Mn  +  70  Cu  .     .     . 
3  Ni  +  24  Mn  -f-  73  Cu 


Manganin 
Constantan 


ri8.46N 
]  19.67.Z] 
\  0.19G 

\   0.42 
I  0.13 

r53.28  CuH- 25.31  Ni  + 
]  i6.89Zn-|-4.46Fc4- 
L  0.37 


18.46  Ni-t- 61.63  Cu + 
.Zn4-o.24Fe-f- 
Co-h  o.iSMn  .     . 

25.1'Ni  4-74.4iCu.+ 
FeH-o.23Zn-f 
Mn  -|-  trace  of  cobalt 


12. 2-15. 6  1-2X10' 
12.16 
14.35 

3-5 


7.S-8.5 
10-20 

41 
1. 00 

2.10 
3«pi 
2.92 


360 
5-7X10" 


Mn 
91  Cu+  7.1  Mn  +  i.9Fe 

70.6  Cu  -f  23.2  Mn  -f- 6.2  Fe 

69.7  Cu  -f  29.9  Ni  -f  0.3  Fe 


84  Cu  H-  12  Mn  -f  4  Ni . 
6oCu4-4oNi    .     . 


1.90 

4.98 
1.30 
2.60 

2.3 
2.U4 


40 
—30 

300 

190 


410 

120 

22 

120 

6 
8 


Po 


13.2 

14.6 

3.6 


20.3 

6.4-8.4 
8.2 
7.0 

20.-33. 

30. 

12-13 

5-10 

2.4 

100. 
48. 

33. 
34. 

20. 

38. 

44. 
49- 


u 

o 

4-1 

< 


2 

3 
3 

2 

4 

2 
2 

5 
4 
4 

4 

4 


5 
6 
7 


2 

8 


*  Matthiessen.    •  W.  Siemens.  '  Van  der  Ven.      ^  Feussner. 

■Various.  *  Feussner  and  Lindeck.    'Blood.  *  Jaeger- Diesselhorst. 

*,  t,  t  §,  b  X  io»=924,  93,  7280,  51,  respectively. 
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Table  401. 
CONDUCTING  POWER  OF  ALLOYS. 


This  table  shows  the  ooodacting  power  of  alloys  and  the  vanation  of  the  conducting  power  with  teraperatnre.*    The 
values  of  C^  were  obtained  from  the  original  results  by  assuming  silver  =  — r-  mhoa.    The  ooododivity  »  takoi 

as  C,=  C,  (i— «H^M*),  and  the  range  of  tenperaiure  was  from  o^  to  loo^  C 

The  table  is  arranged  in  three  groups  to  show(i)  that  certain  metals  when  melted  together  produce  a  adntion 
which  has  a  conductivity  equal  to  the  mean  of  the  conductivities  of  the  components,  (a)  ihe  behavior  of  thooe 
metals  alloyed  with  others,  and  (3)  the  behavior  of  the  other  metals  alloyed  together. 

It  is  pointed  out  that,  with  a  few  exceptions,  the  percentage  variation  between  o''  and  100*^  can  be  calculated  from  th£ 

formula  P-=.P^  -■  where  /  is  the  observed  and  V  the  calculated  conducting  power  of  the  mixture  at  100°  C, 
and  P^  is  the  calculated  mean  variation  of  the  metals  mixed. 


Alloys. 


Weight  % 


Vo  lume  % 


of  first  named. 


«  X  10^ 


3Xio* 


Vfiriation  per  loo^  C. 


Observed,  i  Calculated. 


Group  i. 


SnePb 

Sn4Cd 

SnZn 

PbSn 

ZnCd2 

SnCdi 

CdPbe 


77-04 
82.41 

78.06 

64.13 

24.76 

23-05 
7-37 


83.96 
83.10 

7771 
5341 
26.06 
23.50 
10.57 


7.57 
9.18 

10.56 

6.40 

16.16 

'367 
5.78 


3890 
4080 
3880 
3780 
3780 

3850 
3500 


8670 
1 1870 
8720 
8420 
8000 
9410 
7270 


30.18 
28.89 
30.12 
29.41 
29.86 
29.08 
27.74 


29.67 

3003 
30.16 
29.10 
29.67 
30.25 
27.60 


Group  a. 


Lead^silver  (Pb2oAg) 
Lead-silver  (PbAg) 
Lead-silver  (PbAg2) 


Tin-gold  (Sni2Au) 
"      "     (SntAu) 


Tin-copper 


<« 

a 
«i 
(( 


w 


t 
t 
t 
t 
t 


Tin-silver  .    . 

Zinocopper  t 
t 
"        t 
«        t 
"        t 


If 


95.05 

48.97 

94.64 
46.90 

5.60 
8.03 

3630 
i960. 

7960 
3100 

28.24 
16.53 

19.96 

7.73 

32-44 

30.64 

13.80 

1990 

2600 

I7-38 

10.42 

77.94 

90.32 

5.20 

3080 

6640 

24.20 

14.83 

59.54 

79-54 

3.03 

2920 

6300 

22.90 

5-95 

02.24 
80.58 

83.60 

7-59 

3680 

fi^o 

28.71 

19.76 

8.05 

3330 

6840 

26.24 

14-57 

12.49 

10.30 

9.67 

14.91 

12.55 
1 1. 61 

6.41 

§66 

204 
1 185 

5.18 
5.48 
6.60 

3-99 
4-46 

7.64 

691 

304 

5-" 

4.96 

6.02 

12.44 

995 

705 

9.25 

7.83 

I.I5 

1.4X 

39-41 

2670 

5070 

21.74 

20.53 

91.30 
53.85 

96.52 

7.81 

3820 

8190 

3aoo 

23.31 
11.89 

75.51 

8.65 

3770 

8550 

29.18 

36.70 

42.06 

13.75 

1370 

1340 

12.40 

11.29 
iao8 

25.00 

8.89 

2945 

13.70 

1270 

1249 

11.49 

^3-5i 

13.44 

1880 

1800 

12.80 

12.30 

10.8S 

29.61 
38.09 

2040 

3030 

17.41 

17.42 

4.06 

503 

• 

2470 

4100 

2a6x 

20.62 

1 

NoTB.  —  Bams,  in  the  ^  Am.  Jour,  of  Sci."  vol.  36,  has  pointed  out  that  the  temperature  variation  of  pM**""m 

alloys  containing  less  than  10%  of  the  other  metal  can  be  nearly  expressed  by  an  equation y  =  — - —  m,  where/'  is  the 

temjperature  coefficient  and  x  the  specific  resistance,  m  and  n  being  constants.     If  a  be  the  temperature 
tP  C.  and  s  the  corresponding  speafic  resistance,  i  (a  -f-  m)  =  » . 

For  platinum  alloys  Barus*s  experiments  gave  m  ^ —  .000194  ^'^  ib  =  .0378. 
For  steel  m  =  — .000303  and  n  "=■  .0620. 

Matthiesseu's  experiments  reduced  by  Barus  gave  for 


Gold  alloys  m  =  —  .000045,  *  =  .00721. 
Silver  m  =  —  .0001 12,  n  =  .00538. 

Copper  **     m  =  —  .000386,  n  =  .00055. 


*  From  the  experiments  of  Matthiessen  and  Vogt,  "  Phil.  Tnns.  R.  S."  v.  154. 
t  Hard-drawn. 
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Group  3. 


AUoya. 


Gold-copper  t 


u 


«( 


Go]d-si]ver  t  . 

»«  ««        ♦  ^ 

"    t ! 

» 


«( 


« 


Gold-copper  t 
t 


M 


(I 


Platinum-silver  t 

t 
t 


M 
«i 


II 
<f 


Palladium-silver  t 


Copper-silver  t 

"      t 


ii 

u 
If 
11 


"  t 
"  t 
"  t 
t 


II 


Iron-gold  t 
«    t 


if 


ff 


"    t     . 


Iron-copper  t      •    • 
Phosphorus-copper  t 

ff  ((         •!> 


Arsenic-copper  t 

t 


If 


if 


if 


Weight  % 


Volume  % 


of  first  named. 


9923 

90-55 

87.9s 

87-95 
64.80 

64.80 

31-33 
31-33 

34.83 

I.S2 

33-33 
9.81 

5-00 
25.00 

98.08 

94-40 
76.74 

42.75 
7.14 

1-31 

13-59 
9.80 

4.76 

0.40 

2.  so 
0.95 

S-40 

2.80 

trace 


98.36 
81.66 

79.86 
79.86 
S2.08 
52.08 
19.86 
19.86 

19.17 
0.71 

19.6s 

505 
2.S1 

23.28 

98.35 
95-17 
77.64 

46.67 
8.25 

1-53 

27.93 
21.18 

10.96 
0.46 


IO« 


35-42 
10.16 

13.46 

13.61 

9.48 

9-51 
13-69 
13-73 

12.94 
53-02 

4.22 
11.38 
19.96 

5-38 

56.49 

5^-93 
44.06 

47.29 

50.65 

50.30 

1.26 
1.46 

24.51 

4.62 
14.91 

3-97 
8.12 

38.52 


aXio* 


2650 

749 

1090 
1 140 

673 

721 

885 
908 

864 
3320 

330 

774 
1240 

324 

3450 
3250 
3030 
2870 

2750 
4120 

3490 
2970 

487 
'550 

476 
1320 

736 
2640 


3X  io» 


4650 


t 


793 
1160 

246 
495 

% 

570 
7300 

208 

6s6 

I  ISO 

154 

7990 
6940 
6070 
5280 
4360 
8740 

7010 

1220 

103 

2090 

1640 

989 

446 

4830 


Variation  per  100°  C. 


Observed. 


21.87 
741 

10.09 

10.21 

6.49 

6.71 

8.23 

8.44 

8.07 
25-90 

3.10 

7.08 

11.29 

3-40 

26.50 

25-57 
24.29 

22.75 

23-17 
26.51 

27.92 

17-55 
3-84 

13-44 


Calculated. 


23.22 
7-53 

9.65 

9-59 
6.58 

6.42 

8.62 

8.31 

8.18 
25.86 

3.21 

7-25 
11.88 


4.21 

27.30 
25.41 

21.92 

24.00 

25-57 
29.77 

14.70 
11.20 
13.40 

.14.03 


J 


*  Annealed. 


t  Hard-drawn. 


TABLB  402.  —  AllowftUo  OaxrylBf  Oapaotty  of  RublMr-ooTtiod  Oovpor  Wiroi. 

(For  inside  wiring  —  Nat.  Board  Fire  Underwriters'  Rules.) 


1 

.    B-f  S  Gage 

18 
3 

16 
6 

M 
12 

la 

>7 

10 
24 

8 

33 

6 
46 

5 

54 

4 
6s 

3 
76 

2 
90 

I 

0 

00 
150 

ocxx> 

Amperes 

107 

127 

210 

500,000  circ.  mills,  390  amp.;  1,000,000  c.  m.,  650  amp.;  2,000,000  c.  m.,  1,050  amp.     For 
insulated  al.  wire,  capacity  =84%  of  cu.     Preece  gives  as  formula  for  fusion  of  bare  wires 
I  —  adi,  where  d  —  diam.  in  inches,  a  for  cu.  is  10,244 ;  al.,  7585  ;  pt.,  5172 ;  German  silver, 
5230;  platinoid,  4750;  Fe,  3148;  Pb.,  1379;  alloy  2  pts.  Pb.,  i  of  Sn.,  1318. 
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Table  403. 
RESISTIVITIES  AT  HIGH  AND  LOW  TEMPERATURES. 


The  electrical  resistivity  (p,  ohms  per  cm.  cube)  of  good  conductors  depends  greatly  on  chemical  pttrity*  Slight  ooo- 
tamination  even  with  metals  of  lower  p  may  greatly  increase  p.  Solid  solutions  of  good  conductors  generally  have  higher 
p  than  components.  Reverse  is  true  of  bad  conductors.  In  solid  sute  allotroptc  and  crystalline  forms  greailv  mod- 
^y  p.  For  liquid  metals  this  last  cause  of  variability  disappears.  The  -f-  temperature  coefficients  of  pure  metals  is  of 
the  same  order  as  the  coefficients  of  expansion  of  eases.  For  temperature  resistance  (t,  p)  plot  at  low  temperatures  the 
graph  is  convex  towards  the  axis  of  t  and  probably  approaches  tangency  to  it.  However  for  extremely  low  temper, 
atures  Onnes  finds  very  sudden  and  great  drops  in  p.  t.g.  for  Mercury,  P-tjfjm  '^4x10^10  p^  and  for  Sn.,  P3.gK  '^■*'~Vo. 

The  t,  p  graph  for  an  alloy  may  be  nearly  parallel  to  the  t  axis,  cf.  consiantan  ;  for  poor  conductors  p  may  decrease  with 
increasing  t.  ^  At  the  melting-points  there  are  three  types  of  behavidr  of  good  conductors :  those  about  doubKnc  p  and 
then  possessing  nearly  linear  t,  p  graphs  ( Al.,  Cu.,  Sn.,  Au.,  Ag.,  Pb.) ;  those  where  p  suddenly  increases  and  then  the 
4-  temp,  coefficient  is  only  approximately  constant;  (Hg.,  Na.,  K..);  those  about  doubling  p  then  having  a  -,  slowhr 
changing  to  a  -{-  temp.  coef.  (Zn.,  Cd.) ;  those  where  p  suddenly  decreases  and  thereafter  steadily  increases  (Sb.,  Bi.)- 
The  values  from  different  authonties  do  not  necessarily  fit  because  of  different  samples  of  metals.  The  Shimank  valu^ 
(t  given  to  tenths  of  °)'are  for  material  of  theoretical  purity  and  are  determined  by  the  a  rule  (see  his  paper,  also  Nentsx, 
Ann.  d  Phy«.  36,  p.  401,  191 1  for  temperature  resistance  thermometrv).  The  Shunank  and  Pirrani  values  are  originally 
given  as  ratios  to  p^.    (Ann.  d.  Phys.45,  p«7o6, 1914,  46,  p.  176, 19x5.)  Resistivitiesarein  ohms  per  cm.  cube  unless  stated. 

Italicized  figures  indicate  liquid  state. 


Gold. 

Copper. 

SUver. 

Zinc.                  1 

OC. 

H 

Po 

OC. 

Pt 

Pi 

Po 

OC. 

Pt 

Pt 
Po 

OC. 

Pt 

Po 

-353.8 

-aoo. 

-193.5 

-150. 

-100. 

-77.6 

-50. 
0. 

100. 

200. 

500. 
1    750- 

lOOO. 

1063. 
1063. 
1200. 
1400. 
1500. 

0.018 
.601 
.520 

•997 
1.400 

1-564 
1.813 
2.247 
a.97 

3.83 
6.62 

9-35 
12.54 

»3-5o 
30.82 

33.S 
3S-t 
370 

.0081 

.367 

.231 

•444 

.633 

.696 

.806 

1.00 

i.3» 
1.70 

2-94 
4.16 

5.58 
6.01 

138 

i6j 

-258.6 

-353.8 

-351.1 

-306.6 

-193.9 

-150, 

-100. 

-50. 
0. 

100. 

3on. 

500. 

750- 
1000. 
1083. 
10S3. 

I300. 
1400. 
1500. 

0.014 
.ei6 
.038 
.163 
.349 

•567 
.904 

1.340 

1.578 

3.3» 
3.96 
5.08 
7-03 
9.4* 
10.30 

21. JO 
22.30 
23.86 
24.62 

.0091 
.0103 
.0178 

•  1035 
.1580 

.359 

•573 
.786 
1. 00 

«44 
1.88 

3. 23 

4.46 
5.97 

6.47 

14.1 

-358.6 
-353.8 
-189.5 

-300. 

-i5o^ 
-100. 

-76.8 
-50. 

0. 

lOO. 
300. 

400. 
750. 

960. 

960. 

1000. 
1200. 
1400. 
1500. 

0.009 

.014 
.334 
.357 
.638 

.916 
i.(»40 

X.3I3 
1.506 
3,15 
3.80 

3-46 
6.65 

8.4 

/6.6 
1701 

t93(» 
21.72 

23.0 

.0057 
.0090 

.332 

•237 
•4*4 
.608 
.690 
.805 
1.00 

«-43 
1.86 
3.30 

4-4* 
558 
J I  JO 

"3 
12.9 

'4-4 
133 

-353.9 
-300. 
-191. 1 
-150. 
-100. 

-  77.8 

-  50. 

0. 
100. 

JOO. 

415- 
427^ 

450^ 
500. 
600. 
700. 
800. 
850. 

•05 1 1 

1-39 
IJ3 
3.00 
3.90 

3.97 

4-04 

5-75 

7-95 
13- 25 
17.00 

3730 

37^ 
36.60 

3390 
33'6o 

33'^ 
33-74 

■«o89 

.343 

.214 
.348 

•504 
A91 
.703 

IjOO 

1.38    ■ 
2.30     ' 

3.96 

6.4Q 
6^ 
6.j6 
b.25 
0.19 
6.19 
6.21 

Mercury. 

Potassium. 

Sodium. 

11 
Iron.                   1 

OC. 

•     Pt 

Po 

OC 

Pt 

_Pt 
Po 

OC. 

Pt 

Pt 
Po 

OC. 

Pt 

Jt 
Po    , 

-JKXL 
-150. 
-POO. 

1    -30. 
0. 

50. 

100. 
200. 

300. 

5.38 
10.30 

i5-4a 

31.4 

Qt.7 

94' t 

9S.3 

103.1 

114-0 

127.0 

.057 
.109 
.164 
.337 

'973 

I.OOO 

t.045 
1.096 

1. 212 
I.JSO 

-300. 
-150. 

-too. 

-50. 

0. 
30. 

60. 

65. 

100. 
120. 

1.720 
2.654 
3-7»4 
5.124 
7.000 
7. 116 
8.790 
i3-¥> 

10.70 

.346 

.379 

.53a 

•73* 

1. 00 

1. 016 

1.356 

r.914 

2.187 
2.386 

-300. 
-150. 
-;oo. 

-50. 

0. 
30. 

93.5 

100. 

I30. 
140. 

0.605 

«.455 

3.380 

3365 
4.40    . 

4.873 
6.390 

9.220 

9-7^4 
10.34 

.-'57 
•330 

•541 
.764 

I.OOO 

1. 107 

1.429 
2.093 

2J09 
2-349 

-a52-7 
-300. 

-192.5 

-100. 

-  75-1 

-  50. 

-  0. 
100. 
200. 
400. 

• 

0.01  f 

2.27 

.844 

592 

6.43 

8.15 

10.68 

16.61 

24-50 

43.29 

1 

jOOIO 

.212 

.079 

•554 
.603 

.763 
1. 00. 

»S.M 
2.»93 
4.053 

Manganin. 

1 

German  Stiver. 

Constantan- 

90%  Pt.     10%  Rh.     1 

OC. 

Pt 

Pt 

Po 

OC. 

Pt 

Pt 
Po 

OC. 

Pt 

Pt 
Po 

OC. 

Pt 

Pt 
Po 

-300. 
-150. 
-100. 

-50. 
0. 

100. 

400. 

37.8 
38.2 
38. 5 
38.7 
38.8 
38.9 
38.3 

•974 
.985 
.99a 

•997 

I.OOO 

1.003 

.987 

-200, 
-150. 
-100. 

-50. 
0. 

100. 

27.9 
28.7 
29.3 

2Q.7 
30.0 

33. « 

.930 
•957 
•977 
.990 

I.OOO 

1.103 

-200. 
-150. 
-too. 

-50. 

0. 
100. 
400. 

4»-4 
43-0 
43-5 
43-9 
44-1 
44.6 
44.8 

.961 

■975 
.986 

.995 
x.ooo 

1. 01 3 
1 .016 

-200. 
-150. 

-too. 

-  50- 

0. 
100. 

M-49 
16.29 

18.05 

19.66 

21.14 

34.20 

.6S5 
.770 

.854 
.930 

I.OOO 

1. 145 

Au.  below  oo,  Nlccolai,  Lincei  Rend.  (s).  »6,p.  757, 906, 1907;  above.  Northrup,  Jour.  Frankhn  Inst.  177,  p.  85. 1914- 
Cu.  below,  Ntccolai,  1.  c.  above,  Northrop,  ditto,  177.  p.  i,  i9»4.  Ag.  below,  Niccolat,  1. c.  above  Northrup,  ditto,  178, 
p.  8s,  1914.  Zn.  below,  Dewar,  Fleming.  Phil.  Mag.  36,  p.  271.  1893  ;  above,  Noithrup,  175,  p.  153,  1913.  Hg.  below 
Dewar,  Fleming,  Proc.  Roy.  Soc.  66,  p.  76.  1900 ;  above.  Northrup,  Rce  Cd.  K.  below  Guntj  Broniewski,  C  KjM?, 
p.  1474,  1908,  148,  p.  204,  1909.  Above,  Northrup,  Tr.  Am.  Electroch.  Soc  P- »85»  i9«'-  Na,  below,  means,  aboiw, 
see  KL.  Fe.,  Manganin,  Constantan.  Niccolai,  I.e.  German  Silver,  90%  Pt.  90%  Rh..  Dewar  and  Fleming-  PhiL 
Mag.  36,  p  371,  1893. 
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Table  40  3  {cattHnued^. 

RESISTIVITIES  AT  HIGH  AND  LOW  TEMPERATURES. 

(Ofemi  ptr  an.  onlie  nnliu  itattd  otliwrwlM:) 


33^ 


Platinum. 

Lead. 

Bismuth. 

Cadmium. 

OC 

Pt 

Po 

OC. 

Pt 

Pi 

Po 

oQ. 

Pt 

Pt 
Po 

OC. 

Pt 

Po 

-265. 
-253. 
-233. 
-153- 
-  73. 
0. 

100. 
200. 
400. 
800. 
tooo. 

UOO. 

1400. 
1600. 

O.IO 

•«5 

4.18 
7.82 
II.OS 
14.1 
17.9 

25.4 
40.3 
47.0 

52.7 
58.0 

63.0 

.0092 

.014 

.049 

.378 
.708 

I.OO 

1.28 
1.62 
2.30 

3.65 

4-25 
4.77 
S.25 

5.70 

-252.9 

-203. 

-192.8 

-103. 

-75.8 

-  53. 
a 
100. 
aoo. 
3'9- 
333- 
400. 
600. 
800. 

O.S9 
4-42 
5.22 

IX.8 

»3.95 

15.7 

19.8 

27.8 

38.0 

50.0 

930 

9S.3 

107.3 

iib.a 

.0298 

.223 

.264 

•59« 
.705 

.792 
1.00 

1.403 
1.919 

4.S0 
4'9<> 
34r 
3.S6 

-200. 
-150. 
-100. 

-  50. 
0. 

«7- 
too. 
300. 

2S9- 
263. 
300. 
500. 
700. 
750. 

34.8 

5S-3 
75.6 

94.3 
1 10.7 
120.0 

156.5 

214.S 
267.0 

1^3 
128.9 

1399 
130.8 

'S3J 

.314 

.499 
.683 
.85  a 
1. 00 
1.083 
i.4«3 
1-937 
3.4I1 
J.  130 
1.164 
1.263 
1.361 
1.386 

-252.9 
-200. 
-190.2 
-183.1 
-139-2 
-100. 
0. 

300. 

saS- 

350. 

400. 

500. 

700. 

0.17 
1.66 
2.00 
2.22 
3.60 
4.80 

7-7S 
16.50 

337t> 
33't>o 

3370 
35''3 
35'7& 

.0218 
.214 
.258 
.286 

.464 
.619 

1. 00 

2.13 

4-33 

433 

433 

Tin. 

Carbon,  Graphite.* 

Fused  silica. 

Alundum  cement. 

OC. 

Pt 

Po 

OC. 

p  in  ohms,  cm.  cube. 

OC. 

p  =  megohms  cm. 

OC. 

p  in  ohms 
cm.  cube. 

■^200. 

-lOO. 

0. 
200. 

225. 

235- 

750- 

2.60 

7-57 
13.05 
20.30 
22.00 
^.60 
ti,2a 

.199 
.580 

1.00 

».55 
169 
J.6J 
¥.69 

0. 

500. 

1000. 

1500. 
2000. 

2500. 

Carbon 
0.003  s 
.0027 
.0021 
.0015 
.0011 
.0009 

Graphite 
0.00080 
.00083 
.00087 
.00090 
.00100 
.0011 

1 

«S- 
230. 

300. 

350. 
450. 
700. 
850. 

>'200,000,000. 

20,000,000. 

200,000. 

30,000. 

800. 

30. 

about  20. 

2a 
800. 
90a 

1000. 

1100. 

1200. 

1600. 

>9Xio« 

30800. 

13600. 

7600. 

6500. 

2300. 

190. 

Pt.  low,  Nerast,  1.  c  high,  Pirrani,  Ber.  Deutsch.  Phys.  Gcs.  12,  p.  305,  Pb.  low,  Schimank,  Nemst,  1.  c.  high. 
Northrup,  see  Zn.  Bi.  low,  means,  high,  Nonhrup,  see  Zn.  Cd.  low,  Euchen,  Gehlhon,  Verb.  Deutsch.  Phys.  Ges.  14, 
p.  ite,  1912,  high,  Northnip,  see  Zn.  Sn.  low,  Dewar,  Fleming,  high,  Northrup,  see  Zn.  Carbon,  graphite,  Metallurg. 
Ch.  Eng.  13,  p.  23,  1915.  Silica,  Campbell,  Nat.  Phys.  Lab.  11,  p.  207,  1914.  Alundum,  Metallurg.  Ch.  Eng.  12,  p. 
125,  T9M> 

*  Diamond  1030O  C,  p  >ioT;  138^0,  7.5  x  »<>•»  ▼•  Wartenbcrg,  1913. 

TABLE  404.— Volnme  ud  SiixfAM  RailittYity  of  SoUd  DtolMtrioi. 

The  resistance  between  two  conductors  insulated  by  a  solid  dielectric  depends  both  upon  the  surface  resistance  and 
the  Tolume  resintance  of  the  insulator.  The  volume  resistivity,  p,  is  the  resistance  between  two  opposite  faces  of  a  cen- 
timeter cube.  The  surfeice  resistivity,  ir,  is  the  resistance  between  two  opposite  edges  of  a  centimeter  square  of  the 
surfoce.  The  surface  resistivity  usually  varies  through  a  wide  range  with  the  humidity.  (Curtis,  Bui.  Bur.  Standards, 
11,  359,  1Q15,  which  see  for  discussion  and  data  for  many  additional  materials.) 


Material. 


Amber 

Beeswax,  yellow  .... 

Celluloid 

Fiber,  red 

Glass,  plate 

"      kavalier     .... 
Hard  rubber,  new     .     .    . 

Ivory 

Khotinsky  cement     .     .    . 
Marble,  Italian     .     . 
Mica,  colorless      .... 
Paraffin  (parowax)    .    .    . 
Porcelain,  unglazed  .     .    . 

Quartz,  fused 

Kosin 

Sealing  wax 

Shellac 

Slate 

Sulphur 

Wood,  parafined  mahogany 


9 ;  megohms 
50%  humidity. 


6X  108 
6X  108 

5X  10* 

2  X  10* 

5X  10* 
4X  io» 


X 
X 


io» 
io» 


3 

7X  108 
3X108 
2  X  10^ 
X  i6» 
X  io» 
X  io» 
X  io» 
2  X  io» 
6X  io7 
9  X  10 
7  X  io» 
4X  id« 


9 
6 

I 


<r;  megohms 
70%  humidity. 


2 

6 

2 

i 

4 
I 

I 

3 

2 

4 
7 

7 

2 


3 
3 
4 

5 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


108 
108 

10* 
I03 
10 
10* 

108 
108 
108 
io« 
10^ 

I0» 

108 
108 

IO« 

108 

10 

10^ 

106 


<r;  megohms 
90%  humidity. 


I 

5 

2 

2 
2 
I 
2 

3 

5 

2 


X 
X 
X 
X 
X 

X 
X 
X 
X 


8X 
6X 


5 

2 

2 

9 
7 
I 

I 

7 


X 
X 
X 
X 
X 
X 
X 
X 


08 
08 

02 

o 
08 
08 
o 
06 
o 

08 

o» 
o 
oa 
08 

o'. 
08 
o 

08 

08 


Megohms<ms. 


5 
2 

2 

5 

2 

8 
I 

2 
2 
I 
2 
I 

3 

5 

I 

I 
I 

I 

4 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


oio 

09 

o* 

08 

o' 

o» 

012 

oa 

o» 

08 

oil 
oio 

08 

oia 
oio 

o« 
oio 

oa 

oil 

o7 
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332  Tables  406.  405A. 

TABLE  iOft.^VarUtion  of  Eleotrloftl  Beilftanoe  of  OUm  &nd  PoroeUin  with  Temper&tare. 

The  following  table  gives  the  values  of  a,  3,  and  e  in  the  equation 

log  ^  =  a  4-  ^  +  rf», 

where  R  is  the  specific  resistance  expressed  in  ohms,  that  is,  the  resistance  in  ohms  per  centimeter  of  a  rod 
square  centimeter  incross  section.'* 


•  T.  Gray,  "  PhU.  Mag."  1880,  and  "  Proc.  Roy.  Soc"  i88a. 
TABLE  iOft&.— TtmptimtiiTt  Roilftaiiot  Ootfttoioats  of  OUai,  Poroolaln  ind  Quartz  dr/flt 


Temperature. 


Glass  .  .  . 
Porcelain .  . 
Quartz.     .     . 


450^ 


—32. 


500°         575O     I    600° 


— 6.  ;     —1.5       — .8 
—  16.       —9.8 


700° 
—0.17 

—2.8 

750^ 

800° 

—0.1 

—1.6 
—10. 

—0.06 
— 6.40 

900*' 


lood® 


— 0.30   I    —O.I 
— 2.60   I    — 1.0 


2 
00 


Somerville,  Physical  Review,  31,  p.  261,  1910. 


No. 

I 

* 

Kind  of  glass. 

Density. 

a 

b 

Range  a€ 
c                   temp. 

Centigrade. 

Test-tube  glass          .... 

• 

13.86 

—.044 

.000065 

0O-25O<' 

2 

(i      «(        i( 

2.458 

14.24 

—.055 

.0001 

37-131 

j 

3 

* 
Bohemian  glass    *     . 

2.43 

16.21 

—.043 

.0000394 

60-174 

4 

Lime  glass  (Japanese  manufacture)  . 

2-55 

13-14 

—.631 

— .000021    1     10-55       1 

5 

tl                   M                          (1                                           4< 

2.499 

14.002 

— .025 

— .00006 

35-95 

6 

Soda-lime  glass  (French  flask) 

2-533 

14-58 

—.049 

.000075 

45-120 

7 

Potash-soda  lime  glasit 

2.58 

16.34 

—.0425 

.0000364 

66-193 

8 

Arsenic  enamel  flint  glass 

3-07 

18.17 

—.055 

.000088 

io5-'35 

9 

Flint  glass  (Thomson's  electrometer 

jar)        ...... 

3172 

18.021 

—.036 

— .0000091 

100-200 

10 

Porcelain  (white  evaporating  dish)  . 

- 

15.65 

— .042 

.00005 

68-290 

Composition  op  some  op 

THB  ABOV 

B  Spfcimbns  op  Glass. 

Number  of  specimen  = 

3 

4 

6 

7 

7 

•               9 

saica 

61.3 

57.2 

70.05 

5.65 

54.2 

55.18 

Potash 

22.9 

21. X 

1.44 

7-92 

las 

13-28 

Soda 

Lime,  etc. 

Lime,  e 

tc. 

1432 

{ 

5.92 

7-0 

- 

Lead  oxide     .... 

bydiff. 

bydif 

f. 

2.70 

— 

23-9 

31-01 

Lime 

15.8 

16.7 

IO-33 

J 

S.48 

0.3 

0-35 

Magnesia        .... 

— 

- 

— 

K 

3.36 

0.2 

ao6 

Arsenic  oxide 

- 

— 

- 

— 

3-5 

Alumina,  iron  oxide,  etc. 

— 

— 

1. 45 

( 

3.70 

0.4          0.67 
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i 

Gage 

American 
wire  gage 

American 
wire  gage 

Steel  wire 

Steel  wire 

Stubs' 
steel  wire 

• 

(British) 
standard 

Birming- 
ham wire 

gage 
(Stubs') 

mils. 

(3age 

No. 

(B.&S.) 
mils.t 

(B.  &  S.) 
mm.t 

gage* 

mils. 

gage 

mm. 

gage 

mils. 

wire  gage 
mils. 

No. 

7-0 

490.0 

« 
12.4 

500. 

7-0 

6-0 

461.5 

II. 7 

464. 

6-0 

5-0 

430.5 

10.9 

432. 

5-0 

4-0 

460. 

11.7 

393.8 

zo.o 

400. 

454. 

4-0 

3-0 

410. 

10.4 

362.5 

9.2 

372. 

425. 

3-0 

2-0 

365. 

9-3 

33X.O 

8.4 

348. 

380. 

2-0 

0 

325. 

8.3 

306.  s 

7.8 

324. 

340. 

0 

X 

289. 

7.3 

283.0 

7.2 

227. 

300. 

300. 

I 

2 

258. 

6.5 

262.5 

6.7 

219. 

276. 

284. 

2 

3 

229. 

5.8 

243.7 

(^.2 

212. 

252. 

259. 

3 

4 

204. 

5-2 

225.3 

5.7 

207. 

232. 

238. 

4 

S 

182. 

4.6 

207.0 

5-3         < 

204. 

212. 

220. 

5 

6 

162. 

4.x 

192.0 

4.9 

201. 

192. 

203. 

6 

7 

X44« 

3.7 

177.0 

4.5 

199. 

176. 

180. 

7 

8 

128. 

3.3 

162.0 

4.1 

197. 

160. 

165. 

8 

9 

114. 

3.9  X 

148.3 

3.77 

194. 

144. 

148. 

9 

10 

102. 

2.59 

135.0 

3.43 

191. 

128. 

134- 

10 

II 

91. 

2.30 

120.5 

3.06 

188. 

116. 

X20. 

II 

12 

81. 

2.05 

105.S 

2.68 

185. 

104. 

109. 

12 

,     >3 

72. 

X.83 

91.5 

2.32 

182. 

92. 

95. 

13 

14 

64. 

1.63 

80.0 

2.03 

180. 

80. 

83. 

14 

IS 

57. 

X.4S 

72.0 

1.83 

178. 

72. 

72. 

15 

i6 

51. 

1.29 

62.  s 

1.59 

175. 

64. 

65. 

16 

17 

45. 

x.xS 

54-0 

1.37 

172. 

56. 

58. 

17 

i8 

40. 

X.02 

47-5 

1. 21 

168. 

48. 

49. 

18 

19 

36. 

0.91 

41.0 

1.04 

164. 

40. 

42. 

19 

20 

32. 

.81 

34.8 

0.88 

161. 

36. 

35. 

20 

21 

28.5 

.7a 

31.7 

.81 

157. 

32. 

32. 

21 

22 

25^3 

.62 

28.6 

.73 

155. 

28. 

28. 

22 

23 

22.6 

.57 

25.8 

.66 

153. 

24. 

25. 

23 

24 

20.x 

•SI 

23.0 

.58 

151. 

22. 

22, 

24 

25 

17.9 

•45 

20.4 

.52 

148. 

20. 

20. 

25 

26 

15.9 

.40 

18.  X 

.46 

146. 

18. 

18. 

26 

27 

X4.2 

.36 

17.3 

.439 

143. 

16.4 

16. 

27 

28 

12.6 

.32 

16.2 

.411 

139. 

14.8 

14. 

28 

29 

ZX.3 

.39 

15-0 

.381 

134. 

13.6 

13. 

29 

30 

xo.o 

.25 

14.0 

.356 

127. 

12.4 

12. 

30 

31 

8.9 

.227 

13.2 

.335 

120. 

1 1.6 

10.      . 

31 

32 

8.0 

.202 

12.8 

.3*5 

115. 

10.8 

9. 

32 

36 

M 

.180 

11.8 

.300 

172. 

lO.O 

8. 

33 

34 

6.3 

.x6o 

10.4 

.264 

1 10. 

9.2 

7. 

34 

35 

5.6 

.143 

9-5 

.241 

108. 

8.4 

5. 

35 

36 

5.0 

.127 

9.0 

.229 

106. 

7^^ 

4. 

Z6 

37 

4.5 

.113 

8.5 

.216 

103. 

6.8 

37 

38 

4.0 

.101 

8.0 

.203 

lOI. 

6.0 

38 

39 

3.5 

.090 

7-5 

■'^S 

99. 

5-f 

39 

40 

3.x 

.080 

7.0 

.178 

97. 

4.8 

40 

41 

6.6 

.168 

95. 

4.4 

41 

42 

^.2 

.157 

92. 

4.0 

42 

43 

6.« 

.152 

88. 

3.6 

43 

44 

.     5.8 

.147 

85. 

3.2 

■ 

44 

45 

5-5 

.140 

81. 

2.8 

45 

46 

5.2 

.132 

79- 

2.4 

46 

47 

5.0 

.127 

77- 

2.0 

47 

48 

4.8 

.122 

75. 

X.6 

48 

49 

4.6 

.117 

72. 

1.2 

49 

50 

4.4 

.112 

69. 

X.O 

50 

*  The  Steel  Wire  Gage  is  the  same  gags  which  has  been  known  by  the  various  names:  *' Washburn  and  Moen,"  "Roeb* 
ling,"  "American  Steel  and  Wire  Co.^."  Its  abbreviation  should  be  written  "StI.*W.  G./'  to  distinguish  it  from 
"S.  W.  G./'  the  usual  abbreviation  for  the  (British)  Standard  Wire  (k^. 

t  The  American  Wire  Oz!^  sizes  have  been  rounded  off  to  the  usual  limits  of  commercial  accuracy.  They  are  given 
to  four  significant  figures  in  Tables  4x0  to  4x3*  Tlyy  can  be  calculated  with  any  desired  aocuracy,  being  based  upon 
a  simple  mathematical  law.    The  diameter  of  No.  0000  is  defined  as  0.4600  inch  aad  of  No.  36  as  0.0050  inch.    The 

39/^6^ 
ratio  of  any  diameter  to  the  diameter  of  the  next  greater  number  'V/  — —  =  i.  ] 

Taken  from  Circular  No.  31.    Copper  Wire  Tables,  U.S.  Bureau  of 
tables. 
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Tables  407-413« 

WIRE  TABLES. 

TABLB  407  •  —  fiitzMiiotloa.    MaM  «&d  VOluiM  RailitlTlty  of  Oovptr  and  AlimtBUL 


The  following  wire  tables  are  abridged  from  th6se  prepared  by  the  Bureau  of  Standards  at  the 
request  and  with  the  cooperation  of  the  Standards  Committee  of  the  American  Institute  of  Elec- 
trical Engineers  (Circular  No.  31  of  the  Bureau  of  Standards).  The  standard  of  copper  resist- 
ance used  is  "The  International  Annealed  Copper  Standard  "as  adopted  Sept.  5,  1913,  by  the 
International  Electrotechnical  Commission  and  represents  the  average  commercial  high-conduc- 
tivitv  copper  for  the  purpose  of  electric  conductors.  This  standard  corresponds  to  a  condacdvity 
of  58.  Xior^  cgs.  units,  and  a  density  of  3.89,  at  20®  C. 

In  the  various  units  of  mass  resistivity  and  volume  resistivity  this  may  be  stated  as 

0.15328  ohm  (meter,  gram)  at  20°  C. 
875.20    ohms  (mile,  pound)  at  20°  C. 
1. 7241    microhm-cm.  at  20°  C. 
0.67879  microhm-inch  at  20°  C. 
10.371    ohms  (mil,  fool)  at  20°  C. 

The  temperature  coefficient  for  this  particular  resistivity  is  oso  =  0.00393  or  oo  =  aoo427. 
The  temperature  coefficient  of  copper  is  proportional  to  the  conductivity,  so  that  where  the  con- 
ductivity is  known  the  temperature  coefficfent  may  be  calculated,  and  vice-versa.  Thus  the  next 
table  shows  the  temperature  coefficients  of  copper  having  various  percentages  of  the  standard  con- 
ductivity. A  consequence  of  this  relation  is  that  the  change  of  resistivity  per  degree  is  constant, 
independent  of  the  sample  of  copper  and  independent  of  the  temperature  of  reference.  This  re> 
sistivity-temperature  constant,  for  volume  resistivity  and  Centigrade  degrees,  is  0.00681  michrom- 
cm.,  and  for  mass  resistivity  is  0.000597  ohm  (meter,  gram). 

The  density  of  8.89  grams  per  cubic  centimeter  at  20°  C.,  is  equivalent  to  0.321 17  pounds  per 
cubic  inch. 

The  values  in  the  following  tables  are  for  annealed  copper  of  standard  resistivity..  The  user  of 
the  tables  must  apply  the  proper  correction  for  copper  of- other  resistivity.  Hard-drawn  copper 
may  be  taken  as  about  2.7  per  cent  higher  resistivity  than  annealed  copper. 

The  following  is  a  fair  average  of  the  chemical  content  of  commercial  high  conductivity  copper: 

Copper  . , 99-91% 

Silver 03 

Oxygen 052 

Arsenic 002 

Antimony 002 


Sulphur. 0.002/0 

Iron ^ .002^ 

Nickel Trace 

Lead 

Zinc 


u 


(( 


The  following  values  are  consistent  with  the  data  above : 

Conductivity  at  o®  C,  in  c.g.s.  electromagnetic  units 62.969  X  icr* 

Resistivity  at  o®  C,  in  michroms-cms 1.5881 

Density  at  0°  C 8.90 

Coefficient  of  linear  expansion  per  degree  C 0.000017 

"  Constant  mass  "  temperature  coefficient  of  resistance  at  0°  C 0.00427 

The  aluminum  tables  are  based  on  a  figure  for  the  conductivity  published  by  the  U.S.  Bureau 
of  Standards,  which  is  the  result  of  many  thousands  of  determinations  by  the  Aluminum  Company 
of  America.  A  volume  resistivity  of  2.828  michrom-cm.,  and  a  density  of  2.70  may  be  considered 
to  be  good  average  values  for  commercial  hard-drawn  aluminum.    These  vsUues  give : 

Mass  resistivity,  in  ohms  (meter,  gram)  at  20®  C 0.0764 

"      "      (mile,  pound)  at  20°  C 436. 

Mass  per  cent  conductivity ; 200.7% 

Volume  resistivity,  in  michrom-cm.  at  20®  C 2.828 

"  "  in  microhm-inch  at  20^  C i-i  13 

Volume  per  cent  conductivity 61.0% 

Density,  in  grams  per  cubic  centimeter 2.70 

Density,  in  pounds  per  cubic  inch 0.0975 

The  average  chemical  content  of  commercial  aluminum  wire  is 

Aluminum 99*57% 

Silicon 0.29 

Iron 0.14 
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Ohms 

(meter,  grim) 

at  7<fi  C. 

Per  cent 
conductivity. 

oo 

«XS 

a2o 

a2S 

a3o 

aso 

o.x6i  34 
,            .15966 

96% 

0.004  03 
.00408 

0.003  80 
.00385 

0.003  73 
.00377 

0.003  67 
.00370 

0.003  60 
.00364 

0.003  36 
.00339 

i           .158  02 
.157  S3 

97% 
97-3% 

.004  13 
.00414  ' 

.00389 
.00390 

.00381 
.00382 

.00374 
.00375 

.00367 
.00368 

.00342 
.003  43 

.156  40 
.154  82 

W% 

.00417 

.004  22 

.00393 
.00397 

.00385 
.00389 

.00378 
.00382 

.003  71 
.00374 

.00345 
.00348 

.isaaa 

.151  76 

100% 
iox% 

.00427 
.00431 

.004  ox 
.00405 

.003  93 

.00397 

.00385 
.00389 

.00378 
.003  82 

.003  52 
•00355 

Note.  —  The  fundamental  relation  between  resistance  and  temperature  is  the  following: 

Rt  =  Rti(i+«4^[t— g). 

where  Of^  is  the  "temperature  coefficient,"  and  ti  is  the  "initial  temperature"  or  "temperature  of  reference." 

The  values  of  a  in  the  above  table  exhibit  the  fact  that  the  temperature  coefficient  of  copper  is  proportional  to  the 
conductivity.  The  table  was  calculated  by  means  of  the  foUowinfr  formula,-  which  holds  for  any  per  cent  conductivity,  n, 
within  commercial  ranges,  and  for  centigrade  temperatures.  (»  is  considered  to  be  expressed  decimally:  e.g.,  iJi  percent 
conductivity  =  99  per  cent,  n  =  0.99.) 

I 
% ; .- 

+  (/i  — 20) 


w(o.oo393) 


TABLE  409.  —  Rodvottn  Of  OlMiTTfttlOBS  to  SttBdazd  ToBpttttvo.  (Oovpor.) 

Temper- 
ature C. 

Corrections  to  reduce  Resistivity  to  20°  C. 

Factois  to  reduce  Resistance  to  20P  C. 

Temper- 
ature C. 

Ohm  (meter, 
gram). 

Microhm — 
cm. 

Ohm  (mile, 
pound). 

Microhm — 
inch. 

For  96  per 
.  cent  con- 
ductivity. 

For  98  per 
cent  con- 
ductivity. 

For  xoo  per 
cent  con- 
ductivity. 

0 

5 
10 

+0.0XX  94 
+  x>o896 
+  .00597 

4-0.136X 
4-  .1021 
+  .o68x 

+  68.20 

+  51.1S 
+  M-io 

+0.053  58 
-  -  .040  x8 
+  ^26  79 

ft 

x.o8x6 
X.0600 
X.0392 

1.0834 
x.o6x3 
X.040X 

X.0853 
X.0626 
J. 0409 

0 

5 
10 

XI 
X2 
13 

+  .00537 
+  .00478 
+  .004x8 

+  .0612 
+  .0470 

+  30.60 
+  27.28 
+  23.87 

+   />24  XX 

+  .02X  43 
+  .0x875 

X.0352 
1.03XX 
X.027X 

I  0359 
1.03x8 

X.0277 

1.0367 
1.0325 
1.0183 

XX 

X2          [ 

13 

14 

11 

+  .00358 
+  .00299 
+  .002  39 

+  .0408 
+  .0340 
+  .0272 

+  20.46 
+  17.05 
+  13.64 

+  .0x607 
+  .0x340 
+  .010  72 

X.0232 
X.0X92 
1.0x53 

1.0237 
X.OX96 
X.0X56 

1.0249 
X.0200 
x.ox6o 

14 

IS 
16 

17 
x8 

19 

+  .oox  79 
+  .001 19 
+  .00060 

+  .0204 
+  .0136 
+  .0068 

+  10.23 
+    6.82 
+    3.4X 

+    .008  OA 

4-  .00536 
+  .00268 

X.0XX4 
1.0076 
X.0038 

X.0XX7 
X.0078 
X.0039 

X.OX19 
1.0079 
x.0039 

17       ! 
x8 

X9 

20 

2X 
22 

0 

—  .00060 

—  .001  X9 

0 

-  .0068 

—  .0x36 

0 

-  3-41 

-  6.82 

0 

-  .00268 

-  .00536 

X.OOOO 

0.9962 

.9925 

1. 0000 

C.9962 
.99«4 

X.OOOO 

0.9961 
.9922 

20 

21 
22 

23 
24 
25 

—  .001  79 

—  .002  39 

—  .00299 

—  .0204 

—  .0272 

—  .0340 

-  10.23 

-  X3.64 

-  17.05 

—  .00804 

—  .010  72 

—  .013  40 

.9888 
.9851 
.98x5 

.9886 
.9848 
.981 X 

.9883 

.9845 
.9807 

23 
24 

.    25 

s6 

27 
28 

-  .00358 

-  .004x8 

-  .00478 

-  .0408 

-  .0476 

-  .0544 

—  20.46 

—  23.87 

—  27.28 

—  .0x607 

-  .01875 

-    .02X  43 

.9779 
.9743 
.9707 

.9774 
.9737 
.970X 

.9770 
•9732 
.9695 

26 

27 
28 

29 
30 
35 

-  .00537 

-  .00597 

-  .00896 

—  .0612 
■    -  .o68x 

—   .I02X 

-  30.69 

-  34.10 

-  51.15 

—  .024  II 

—  .026  79 

—  .040  x8 

.9672 
.9636 
.9464 

.9665 
.9629 

.9454 

.9658 

.9622 

.9443 

29 
30 

35 

40 
45 
SO 

-  .01194 

-  .01493 

-  .017  92 

.     —    .X36X 

—  .I7OX 

—  .2042 

-  68.20 

-  85.25 

-  XO2.30 

=  .111^ 

-  .08037 

.9298 

.9285 
.9122 

.8964 

.9271 
.9x05 
.8945 

40 
45 
SO 

55 
60 

65 

-•  .020  90 

-  .02389 

-  .02687 

—  .2382 

—  .2722 

—  .3062 

-XI9.3S 
-136.40 

-153.4s 

—  .09376 

—  .107  16 

—  .120  56 

.8549 

.88x2 
.8665 
.8523 

.8791 
.8642 

.8497 

55 
60 

65 

70 
75 

—  .02986 

-  .03285 

-  3403 

-  .3743 

-X70.50 
-187.55 

-  .133  95 
^  -  .147  34 

.84x3 
.8281 

.8385 
.8252 

.8358 

.8223 

70 
75 
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Table  410. 
WIRE  TABLE,  STANDARD  ANNEALED  COPPER. 

'A]iLailouilR[lreG«g0(B.  A8.).  BngUili  Uaits. 


Enqush. 


Gage 

No. 


CXXX) 

000 

00 

o 
I 

2 

3 
4 

5 

6 

7 
8 

9 
io 

XI 
12 

»3 
14 

17 

i8 

.  19 

20 

21 
22 

23 
24 
2 

27 
28 

29 

30 
3' 
32 

33 
34 
35 

36 

37 
38 

39 

40 


Diameter 
in  Mils. 
at  aoo  C. 


460.0 
409.6 
364.8 

3249 
289.3 
257.6 

229.4 
204.3 
18 1.9 

162.0 

144.3 
128.5 

114.4 
IOI.9 
90.74 

80.81 
71.96 
64.08 

57.07 
50.82 

45.26 
40.-^0 

35-»? 
31-96 

28.45 

25-35 
22.57 

20.10 
17.90 

1594 

14.20 
12.64 
11.26 

10.03 
8.928 

7-950 

7.080 
6.305 
5.615 

5.000 

4-453 
3-905 

3531 
3-M5 


Cross-Section  at  ao^  C. 


Circular  Mils. 


211  600. 
167800. 
133  100. 

105  500. 
83690. 
66370. 

52  640. 

41  740. 
33100. 

26  250. 
20  820. 
16  510. 

13090. 

10  380. 

8234. 

6530. 
5178. 
4107. 

3257- 
258J 
2048. 

1624. 
1288. 
1022. 

8 10. 1 
642.4 

509-5 

404.0 
320.4 
254.1 

201  .C 
159.8 
126.7 

100.5 
79.70 
63.21 

50.13 

39-75 
31-52 

25.00 

19-83 
15.72 

12.47 
9.888 


Square  Inches. 


0.1662 
.1318 
.1045 

.08289 

•06573 
.052  13 

.041  34 
.032  78 
.02600 

.020  62 
.016  35 
.012  97 

.010  28 
.008  155 
.006467 

.005  129 
.004067 
.003225 

.002  558 
.002  028 
.001  609 

.001  276 
.001  012 
.000802  3 

.000  636  3 
.000  504  6 
.000  400  2 

.000317  3 
.000251  7 
.000  1996 

.000  1583 
.000  125  5 
.00009953 

.000  078  94 
.00006260 
.000  049  64 

.000  039  37 
.000031  22 
.000  024  76 

.00001964 
.00001557 
.000012  35 

.000  009  793 
.000007  760 


Ohms  per  xooo  Feet.* 


oOC 


0.045  ^^ 
.05695 
.071  81 

.09055 

.1142 

.1440 

.1816 
.2289 
.2887 

.3640 

.4590 
.5788 

.7299 
.9203 
1. 161 

1.463 

1.845 
2.327 

2.934 
3.700 

4.666 

5-883 
7.418 

9-355 

11.80 
14.87 
18.76 

23-65 
29.82 
37.61 

47-42 
59.80 
75.40 

95.08 

119-9 
151.2 

I9a6 
240.4 

303-1 

382.2 
482.0 
607.8 

766.4  • 
966.5 


20OC 

(  =  680F) 


0.049  01 
.061  80 

.077  93 

.09827 

•1239 
.1503 

.1970 
.2485 

•3133 


.6282 


.7921 
.9989 
1.260 

1.588 
2.003 
2.525 

3-184 
4.016 

5-064 

6.385 
8.051 
10.15 

12.80 
16.14 
20.36 

25.67 

32.37 
40.81 

51-47 
64.90 

81.83 

103.2 
1 30. 1 
164.I 

206.9 

26a9 
329.0 

414.8 

659.6 

831.8 
1049. 


50°  c 

(rziaa"  F) 


0.054  79 
.06909 
.087  12 

.1747 

.2207 
.2778 
-3502 

.4416 

•5569 
.7023 

.8855 
1.117 
1.408 

1.775 
2.239 

2.823 

3.560 
4.489 
5.660 

7.138 
9.001 

11-35 

14.31 
18.05 

22.76 

28.70 
36.18 

45-63 

57-53 

72.55 
91.48 

115-4 

145-5 
183.4 

231-3 
291.7 

367.8 

463-7 
584.8 

737-4  . 

929.8 
1173- 


(  =  i&f>  F) 


0.059  61 
.07516 
.09478 

.1195 
.1507 
.1900 

-2396 
.3022 

.3810 

.4805 
.6059 
.7640 

•9633 
1.2 1 5 

1532 

1-931 
2.436 
3.071 

HP 
4.884 

6.158 

7.765 
9.792 

12.35 

15-57 
19.63 
24.76 

31.22 

39-36 
49.64 

62.59 

78.93 
99.52 

125.5 
158.2 

199.5 

251.6 

317-3 
400.1 

504.5 
636.2 

802.2 

9I012. 
1276. 


*  Resistance  at  the  stated  temperatures  of  a  wire  whose  length  is  loco  feet  at  mP  C 

I 

Smithsonian  Taslcs* 


Enqush. 


Table  410  {e^nummtf). 

m 

WIRE  TABLE,  STANDARD  ANNEALED  COPPER  {c^tmad), 
AmtTlotii  Win  Chifft  (B.  A  8.)>    BncUili  U&lts  {contimied). 


237 


Gage 

No. 


Diameter 

in  Mils. 

at  ao°  C. 


OOOO 

OOO 

00 

O 
1 

2 

3 
4 
5 

6 

l\ 

9 

10 

II 

12 

13 
14 

i8 

20 

21 
22 

23 
24 

^i 

20 

27 
28 

29 

30 
31 
32 

33 
34 
35 

36 

38 

39 
40 


460.0 
409.6 
364.8 

324.9 
289.3 

257.6 

229.4 
204.3 
181.9 

162.0 

144-3 
128.5 

1 14.4 
101.9 
90.74 

80.81 
71.96 
64.08 

57.07 
50.82 

45.26 
40.30 

3>-96 

28.46 

25.35 
22.57 

20.10 
17.90 

'5-94 

14.20 
12.64 
11.26 

10.03 
8,928 

7-950 

7.080 
6-305 
5.615 

5.000 

4-453 
3-965 

3-531 
3-M5 


Pounds 
1000  Feet. 


640.5 
507.0 
402.8 

3^9-5 

253-3 
200.9 

159-3 
126.4 

100.2 

79.46 
63.02 

49-98   • 

39-63 

31-43 
24.92 

19.77 
15.68 

12.43 

9.858 
7.818 
6.200 

4.9»7 
3-899 
3-092 

2.452 

1.945 
1.542 

1.223 
0.9699 
.7692 

.6100 

.4837 
-3836 

.3042 

•2413 
•I9»3 

.1517 
.1203 
.095  42 

.075  68 
.060  01 

.047  59 

.037  74 
.029  93 


Feet 

per 
Pound. 


1. 561 
1.968 
2.482 

3.130 
3-947 
4.977 

6.276 
7.914 
9.980 

12.58 
15.87 
20.01 

2523 
31.82 

40.12 

80.44 

1 01. 4 
127.9 
161.3 

203.4 

256.5 
323-4 

407.8 

514.2 
648.4 

817.7 
1031. 
1300. 

1639. 
2067. 
2607. 

3287- 

4145. 
5227. 

6591. 

8310. 

10  480. 

13  210. 

ID  660. 
21  010. 

26  500. 

33  410. 


Feet  per  Ohm.* 


i=3^  F) 


22  140. 
17  560. 

13  930. 

II  040. 
8758. 
6946. 

5508. 
4368. 
3464. 

2747- 
2179. 

1728. 

1370. 
1087. 

861.7 

•    683.3 

541.9 
429.8 

340.8 
270.3 

214.3 

170.0 

134.8 
106.9 

84.78 
67.23 

53-32 

42.28 

33.53 
26.59 

21.09 
16.72 
13.26 

10.52 
8.341 
6.614 

5.245 
4.160 

3-299 

2.616 

2.075 
1.645 

1.305 
I -035 


2<P  C 

(=68»F) 


20  400. 
16  180. 
12  830. 

10  180. 

8070. 
6400. 

5075- 
4025. 

3192. 

2531. 
2007. 

1592. 

1262. 
lOOI. 

794.0 

629.6 

499-3 
396.0 

314.0 
249.0 

»97-5 

156.6 
124.2 
98.50 

78.11 
61.95 

49-13 

38.96 
30.90 
24.50 

19-43 
15.41 

12.22 

9.601 
7.6§5 
6.095 

4.833 

3.833 
3.040 

2.41 1 
1.912 
1.516 

1.202 
0.9534 


50°  c 

(=122°  K) 


18  250. 
14  470. 
II  480. 

9103. 
7219. 

5725. 

4540. 
3000. 
2855. 

2264. 
1796. 
1424, 

I  129. 
895.6 
710.2 

563.2 
446.7 
354.2 

28O.Q 
222.0 
176.7 

1 40.1 
III.I 

88.11 

.     69.87 

55-41 
43-94 

34.85 
27.64 
21.92 

17.38 
13-78 
10.93 

8.669 

6.875 
5-452 

4.323 
3429 
2.719 

2.156 
1.710 
1.356 

1.075 
0.8529 


(=167°  F) 


16  780. 
13  300. 

10  55a 

52 

4173. 
3309. 
2625. 

2081. 
1651. 

1309- 

1038. 
823.2 
652.8 

517-7 
410.6 

3256 

258.2 
204.8 
162.4 

128.8 
102. 1 
80.99 

64.23 
50.94 
40.39 

32-03 
25-40 
20.15 

15.98 
12.67 
10.05 

7.968 
6.319 
5.011 

3-974 

3-152 
2.499 

1.982 
1.572 

1.^47 

0.9886 
.7840 


*  Length  at  30°  C.  of  a  wire  whose  resistance  is  1  ohm  at  the  stated  temperatures. 
Smithsonian  Tables. 
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Table  410  S^Mimuut^.  Enqush, 

WIRE  TABLE,  STANDARD  ANNEALED  COPPER  {cimtmmtd). 
Amarloui  Wlz«  CNwe  (B.  A  8. ).    BnfUth  Units  {contimiHl). 


Gage 

No. 


0000 
000 

oo 

o 
I 

2 

3 
4 

5 


7 
8 


9 

10 

II 

12 

H 

\l 

17 

i8 
19 

20 

21 
22 

23 

24 

2 

27 
28 
29 

30 
31 
32 

33 
34 
35 

36 
38' 

39 
40 


Diameter 
in  Mils 

ai 
20PC. 


460.0 
409.6 
364.S 

324.9 

289-3 
257.6 

229.4 
204.3 
181. 9 

162.0 

144.3 
128.5 

114.4 
IOI.9 
90.74 

80.81 
71.96 
64.08 

57.07 
50.82 

45.26 
40.30 

35»9 
31.96 

28.46 

2535 
22.57 

20.10 
17.90 

15.94 

14.20 
12.64 
11.26 

10.03 
8.928 

7.950 

7.080 

6.305 
5.615 

5.000 

4.453 
3965 

3-531 
3M5 


Ohms  per  Pound. 


oOC. 
(  =  32°  F.) 


0.000  070  51 

.000  II2I 
.000  1783 

.000  2835 

.000  4507 
.000  7166 

.001  140 
.001  812 

.002881 

.004  581 
.007  284 
.oil  58 

.018  42 
.029  28 
.046  56 

.074  04 

.1177 
.1872 

.2976 

.4733 
•7525 

1. 197 

1-903 
3.025 

4.810 

7.649 

12.16 

19-34 

30.75 
48.89 

77-74 
123-6 

19616 

312.5 
497.0 
790.2 

1256. 
1998. 
3^77- 

5051. 

8032. 

12  770. 

20  310. 
32290. 


»oOC. 
(  =  6JjOF.) 


0.000  076  52 
.000  121 7 

.000  1935 
.000  3076 

.000  4891 

.000  7778 

.001  237 
.001  966 

.003 127 

.004  972 
.007  905 

.012  57 

•01999 
.031  78 

•050  53 

.08035 

.1278 

.2032 

.3230 
!8i67 


1.299 
2.065 
3283 

5.221 
5.301 
13.20 

20.99 

33-37 
53.06 

8437 
134.2 

213.3 
339-2 

1364. 
2168. 
3448. 

5482. 

8717. 
13860. 

22  040. 
35  040. 


50°  C. 

(=122°  F.) 


0.000  085  54 
.000  1360 
.000  2163 

•000  3439 
.000  5468 
.0008695 

.001  387 
.002  198 
.003  495 

!oo8  838 
.014  05 

.022  34 

•035  53 
.056  49 

.08983 

.1428 

.2271 

•361 1 

.5742 
.9130 

1.452 
2.308 
3.670 


5.8^6 
9.280 
14.76 

23.46 

373^ 
59.32 

94.32 
150.0 

238.5 

379.2 
602.9 

958.7 

i«;?4. 
2424. 

3854. 

6128. 

9744- 
15490- 

24  640. 
39  170. 


Pounds  per  Ohm. 


mPC. 

(  =  68°  F.) 


13  07a 
8219. 
5169. 

3251. 
2044. 

1286. 


808.6 
5o8.q 
319-8 

201. 1 
126.5 

79.55 

50.03 

31-47 
19.79 

12.45 
7.827 
4.922 

3.096 
1.947 
1.224 

0.7700 

•4843 
.3046 

.1915 
.1205 
.075  76 

.047  65 
.029  97 
.018  85 

.Oil  85 
.007  454   . 

.004  6S8 

.002  948 
.coi  8s4 
.001  166 

.000  7333 
.000  4612 
.000  2901 

.000  1834 
.000  1 147 
.000  072  15 

.000  04  Q  38 
.000  028  54 


Smithsonian  Tables. 
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Table  411. 

WIRE  TABLE,  STANDARD  ANNEALED  COPPER. 
Amoloui  Win  a»g9  (B.  A  &)  Matrlo  Units. 
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Gage 
No. 


OOOO 

ooo 

oo 

o 
I 

2 

3 

4 
5 


I 


9 
lo 

II 

12 

H 

II 

17 

18 
19 

20 

21 

22 

^3 

24 

2 

27 
28 

29 

30 
31 
32 

33 
34 
35 

36 

38 

39 
40 


Diameter 

in  mm. 

at  20°  C. 


11.68 
10.40 
9.266 

8.252 

7.348 
6.544 

5.827 
5.189 

4.621 
4-"S 

3.665 

3.264 

2.906 

2.588 
2.305 

2.05 
1.82 
X.628 

1.450 

1. 291 

I.I  50 

1.024 
0.91 1 6 
.8118 

.7230 
.6438 

•5733 

.5106 

•4547 
.4049 

.3606 
.3211 
.2859 

.2546 
.2268 
.2019 

.1798 
.1601 
.1426 

.1270 
.1131 
.1007 

.089  69 
.079-  87 


Cross  Section 

in  nun.' 

at  ao°C. 


107.2 

8503 
67.43 

5348 
42.41 

33.63 

• 

26.67 
21.15 
16.77 

1330 
8.366 

6.634 
5.201 
4,172 

3-309 
2.624 

2.081 

1.65c 
1.309 
1.038 

0.8231 
.6527 
.5176 

.4105 

.3255 
.2582 

.2047 
.1624 
.1288 

.1021 
.080  98 
.064  22 

.050  93 
.040  39 

.032  03 

.025  40 
.020  14 
.015  97 

.0X2  67 
.010  05 
.007  967 

.006  318 
.005  010 


Ohms  per  Kilometer.* 


©OC. 


0.1482 
.1868 
.2356 

.2971 
.3746 
.4724 

.5956 
.7511 

•9471 

1.194 
1.506 
1.899 

2.395 
3.020 

3-807 

4.801 
6.054 

7.634 

9.627 
12.14 

i5-3» 

19.30 

24.34 
30.69 

38.70 
48.80 
61.54 

77.60 
97.85 

I23u^ 
155.6 

196.2 

247.4 

3"-9 
393.4 
496.0 

788.7 
994.5 

1254. 
1581. 
1994. 

2514. 
3171. 


ao«>C. 


0.1608 
.2028 

•2557 

.3224 
.4066 

•5«27 

.6465 
.8x52 
1.028 

1.296 
1.634 
2.001 

2.599 

3-277 
4.132 

5.21 1 
6.571 
8.285 

10.45 

13.17 
16.61 

20.95 
26.42 

33.31 

42.00 
52.96 
66.79 

84.21 
106.2 

1339 

168.9 
212.9 
268.5 

338.6 
426.9 

538.3 

678.8 
856.0 
1079. 

X361. 
1716. 
2164. 

2729. 
3441. 


50°  C. 


0.1798 
.2267 
.2858 

.3604 
•4545 

•5731 

.7227 

•9"  3 
1.149 

1-449 
1.827 

2.304 

3-663 
4.619 

5.825 

7.345 
9.262 

11.68 

M.73 
18.57 

23.42 

29.53 
37.24 

46.95 
74.66 

94.14 
1 18.7 

149.7 

X88.8 
238.0 
300.1 

378.S 
477.2 

601.8 

758.8 
956.9 
1207. 

1522. 
1919. 
2419. 

3051. 
3847. 


75°  C. 


0.1956 
.2466 
.31  x"o 

.3921 
.4944 
•6235 

.7862 
.9914 
1.250 

1576 
1.988 
2.506 

3.161 

3-985 
5-025 

6.337 

7.991 
.10.08 

12.71 
16.02 
20.20 

25.48 
32.12 

40.51 

51.08 
64.41 

8X.22 

102.4 
129. 1 
162.9 

205.4    ' 

258.9 
326.5 

4II.7 
519.2 

654.7 

825.5 
IO4I. 

1313- 

1655. 
2087. 
2632. 

33J9- 
4185/  ... 


'Resistance  at  the  stated  temperatares  of  a  wire  whose  length  is  i  kilometer  at  ao^'  C. 
Smithsonian  Tables. 
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Table  411  {coiai$aied), 

WIRE  TABLE,  STANDARD  ANNEALED  COPPER  (fiomimmd), 
Amtxioan  Win  G«(0  (B.  A  8.)   Mttilo  Units  {conimued). 


Metric. 


Gage 
No. 


0000 

OOO 

00 

O 
I 

2 

3 
4 
5 


7 
8 


9 

10 

II 

12 
13 

\l 

18 
20 

21 

22 

23 

24 

2 
2 

27 
28 

29 

30 
31 
32 

33 
34 
35 

36 

3Z 
38 

39 
40 


Diameter 

in  mm. 

at  20O  C. 


11.68 
10.40 
9.266 

8.252 
7.348 
6.544 

5.827 
5.189 
4.621 

4."  5 
3.665 
3.264 

2.906 
2.588 

2.305 

2.05 
1.82 
1.628 

1.450 
1. 291 
1,150 

1.024 
0.9116 
.8118 

.7230 
.6438 

•5733 

.5106 

.4547 
.4049 

.3606 

•  -32 1 1 
.2859 

.2546 
.2268 
.2019 

.1798 
.1601 
.1426 

.1270 
.1131 
.1007 

.08969 
.079  87 


Kilograms 

per 
Kilometer. 


953-2 
755.9 
599.5 

475-4 
377-0 
299.0 

237.1 
188.0 

149.1 

118.2 

93-7S 
74-37 

58.98 
46.77 

37-09 

29.42 

23.33 
18.50 

14.67 
11.63 
9.226 

7-3'7 
5.803 
4.602 

3649 
2.894 

2.295 

1.820 

1.443 
I.I45 

a9078 
.7199 

•5709 

-4527 
•3590 
.2847 

.2258 
.1791 
.1420 

.1126 
.0893 
.070  a 


I 

3 


.056  17 
.04454 


Meters 

per 
Gram. 


o.ooi  049 

.001  323 

.001  668 
.002  103 

.002  652 

.003  345 

.004  217 
.005  318 
.006  706 

.008457 
.010  66 

.013  45 

.01696 
.021  38 
.02696 

.034  00 
.042  87 
.054  06 

.068  16 

•08595 
.1084 

.1367 
.1723 
•2173 

.2740 

-3455 
•4357 

-5494 
.6928 

.8736 

1. 102 

1.389 
1.752 

2.209 
2.785 
3-512 

4.429 

5-584 
7.042 

8.879 
11.20 
14.12 

17.80 
22.45 


Meters  per  Ohm.* 


C. 


6749. 
5352. 
4245- 

2669. 
2117. 

1679. 

1056. 
664.0 

526.6 

417.6 

262.6 

208.3 
165.2 
131.0 

82.38 

6533 

51.81 
41.09 
32.58 

25.84 
20.49 
16.25 

12.89 
10.22 
8.105 

6.428 

5-097 
4.042 

3.206 
2.542 
2.016 


MfiC. 


1.006 

0.7974 
.6324 
.5015 

.3977 
•3154 


6219. 

4932. 
391 1- 

3102. 
2460. 

I95I. 
1547. 

1227. 

972.9 
771.5 

6iii 
485.2 

384.8 

305-1 
242.0 

191. 9 
152.2 
120.7 

95.71 
7590 
60.20 

47-74 
37.86 
30.02 

23.81 
18.88 

14.97 

11.87 
9.417 
7.468 

5.922 
4.697 

3725 


2.954 


2.342 
I.8I 


1.473 

0.9265 

•7347 
.5827 

.4621 

.3664 
.2906 


50OC, 


75<»C. 


5563. 
4412. 

3499. 

2774. 
2200. 

'745- 

1384- 
1097. 

870.2 

690.1 

547-3 
434.0 

344-2 
273.0 
216.5 

171.7 
1 36. 1 
108.0 

85.62 
67.90 

53-85 

42.70 
33.86 
26.86 

21.30 
16.89 

13-39 

10.62 

8.424 
6.680 

5.298 
4.201 

3332 
2.642 

1.662 

1.318 
1.045 
0.8288 

.6572 
.5212 

-4133 

.3278 
.2600 


5"3- 
4055. 
3216. 

2550. 
2022. 
1604. 

1272. 
1009. 

799-9 

634-4 

S03-1 
399-0 

316^ 

250.9 
199.0 

157.8 
125.1 

99.24 

78.70 
6241 

49.50 
39.25 
24.69 

19.58 

15-53 
12.31 

9-764 

7-743 
6.141 

4.870 
3.862 

3-063 

2429 
1.926 
1.527 

1.211 

a96o6 

.7618 

.6041 
.4791 

-3799 

.3013 
.2390 


*  Length  at  xfi  C.  oi  9l  wire  whose  resistance  is  i  ohm  at  the  stated  temperatoret. 
Bmithsonian  Tables. 
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Gage 
No. 


OOOO 

OOO 

OO 

O 
I 

2 

3 
4 

S 


7 
8 

9 

lO 

II 

12 
13 

18 

20 

21 
22 

23 
24 
2 

27 
28 

29 
30 

3» 

32 

33 
34 
35 

36 
38 

39 
40 


Diameter 
in  mm. 
at  20O  C. 


11.68 
10.40 
9.266 

8.252 
7348 
6.544 

5.827 
5.189 
4.621 

4.II5 
3665 
3.264 

2.906 
2.588 

2305 

2.053 
1.828 
1.628 

1.450 
1. 291 

1. 150 

1.024 
O.9116 
.8118 

.7230 
.6438 

•5733 

.5106 

•4547 
.4049 

.3606 
.3211 
.2859 

.2546 

.2268' 

.2019 

.1798 

.1601 
.1426 

.1270 
.1131 
.1007 

.08969 

.079  87 


Ohms  per  Kilogram. 


o«>C. 


0.0001554 
.000  247  2 
.0003930 

.000  624  9 
.000993  6 

.001  580 

.002  512 
•003995 
.006  352  . 

.010  10 
.016  06 

•025  53 

.04060 
.064^6 
.1026 

.1632 

•2595 
.4127 

.6562 
1.043 
1.659 

2.638 

4.194 
6.670 

10.60 
16.86 
26.81 


•     aoOC. 


42.63 
67.79 
107.8 

171.4 
272.5 

433-3 

689.0 
1096. 
1742. 

2770. 
4404. 
7003. 

1 1 140. 
17710. 
28150. 

44770. 
71180. 


0.000  168  7 
.000  268  2 
.000  426  5 

.000  678  2 
.001  078 
.001  715 

.002  726 

•004  335 
.006893 

.010  96 

•017  43 
.027  71 

.044  06 
.070  07 
.1114 

.1771 
.2817 

.4479 

.7122 
1. 132 
1. 801 

2.863 

4.552 
7238 

II. 51 
18.30 
29.10 

46.27 

73-57 
117.0 

186.0 
295.8 
470.3 

747.8 
1 189. 
1891. 

3006. 
4780. 
7601. 

12090. 
19220. 
30560. 

48590. 
77260. 


50OC. 


0.000  188  6 
.000  2999 
.000  476  8 

.000  758  2 
.001  206 
.001  917 

.003  048 
.004  846 
.007  706 

.012  2q 
.019  48 
.03098 

.049  26 

-078  33 
.1245 

.1980 

•3H9 
.5007 

.7961 
1.266 
2.013 

3.201 
Q.089 
8.092 

12.87 
20.46 

•  32.53 

5173 
82.25 

130.8 

207.9 
330.6 

525-7 

836.0 

1329- 
21 14. 

3361. 

5344. 
8497. 

13510. 
21480. 
34160. 

54310. 
86360. 


Grams  per  Ohm. 


20 


PC. 


5928  ooa 

,  3  728  000. 
'  2  344  000. 

I  474  000. 
927  300. 
583  200. 

366800. 
230  700. 
145  100. 

91  2-30. 
57380. 
36080. 

22  690. 

14  270. 

8976. 

56.45 
3550. 
2233- 

1404. 
883.1 

555-4 

349-3 
219.7 

138.2 

86.88 
54.64 
34.36 

21.61 


1^-59 


548 


5-376 

3.381 
2.126 

1-337 
0.S410 

.5289 

.3326 
.2092 
.1316 

.082  74 
.052  04 
•032  7Z 

.020  58 
.012  94 
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Table  412. -ALUMINUM  WIRE  TABLE. 

HaiA-Dnwn  Alawlmiin  WIxt  at  aO«  0.  (or,  M«  P.). 

Amnloan  WIxt  Otgt  (B.  ft  &>.   BngUali  Units. 


Enqubh. 


Gage 
No. 


0000 
000 

oo 

o 
I 

2 

3 
4 

5 


7 
8 


9 

10 

II 

12 

13 

;i 

>7 

i8 
19 

20 

21 
22 

23 

24 
25 
26 

27 
28 
29 

30 
31 
32 

33 
34 
35 

36 

38 

39 
40 


Diameter 
in  Mils. 


460. 
410. 

365- 

289. 
258. 

229. 
204. 
182. 

162. 
144. 
128. 

114. 

102. 

91. 

81. 

72- 
64. 

57. 

5'- 
45- 

40. 
36. 
32- 

28.5 

22.0 

20.I 

179 
159 

14.2 
12.6 

"•3 

10.0 
8.9 
8.0 

,71 

6.3 
5.6 

SO 

4-5 
4.0 

3.5 
3-1 


Cross  Section. 


Circular 

MiU. 


212  000. 
168  000. 
133000. 

106000. 
83  700. 

66  400. 

52  600. 
41  700. 

33  100- 

26  300. 
20  800. 
16  500. 

13  100. 

10400. 

8230. 

6530. 
5180. 
41 10. 

3260. 
2580. 
2050. 

1620. 
1290. 
1020. 

810. 
642. 
509. 

404. 
320. 
254. 

202. 
160. 
127. 

lOI. 

79.7 

50.1 
39.8 

25.0 
19.8 

«57 

12.5 
9.9 


Square 
Inches. 


0.166 
.132 
.105 

.0829 
.0657 
.0521 

.041 
.032 
.0260 

.0206 
.0164 
.0130 

.0103 
.008  15 
.006  47 

•005  .13 
.004  07 
.00323 

.002  56 
.002  03 
.001  61 

.001  28 
.001  01 
.000802 

.000636 

.000  505 
.000  400 

.000  317 
.000  252 
.000  200 

.000  158 
.000  126 
.000  099  5 

.000  078  9 
.000  062  6 
.000  049  6 

.000  039  4 
.000  031  2 
.000  024  8 

.000  0T9  6 
.000  0156 
.000012  3 

.000009  79 
.000  007  77 


Ohms 
1000  Feet. 


0.0804 
.101 
.128 

.161 

.203 
.256 

.408 
•5>4 

.648 
.817 
1.03 

1.30 
1.64 
2.07 

2.61 

329 
4.14  • 

C.22 
6.59 
8.31 

10.5 
13*2 
16.7 

21.0 
26.5 
33-4 

42.1 

53» 
67.0 

84.4 
106. 

134- 

169. 

213- 
269. 

339- 
428. 

540. 

681. 
858. 
1080. 

1360. 
1720. 


Pounds 
1000  Feet. 


195- 
154. 

122. 

97.0 
76.9 
61.0 

48.4 
38-4 
30.4 

24.1 
19. 1 
15.2 

12.0 

9.55 
7.57 

6.00 
4.76 
3.78 

2.99 

2.37 
1.88 

1.49 
1. 18 

0.939 

.745 

•591 
468 

•371 
•295 
.234 

.185 
.147 
.117 

.0924 

.0733 
.0581 

.0461 
.0365 
.0290 

.0230 
.0182 
.0145 

■0115 
.0091 


Pounds 
per  Ohm. 


2420. 
1520. 

957. 
602. 


150. 
94.2 
59.2 

37-2 

23-4 
14.7 

9.26 


2.30 

1.45 
0.91 1 

•573 
.360 

.227 

.143 
.0897 

.0564 

•0355 
.0223 

.0140 

.00882 

•00555 
.00349 


.000  546' 
.000343 
.000  216 


.000  n6 


'I 


.000005  4 
.000  053  7 

.000  033  8 
.000  021  2 
.000013  4 

.000  008  40 
.000  005  28 


Feet 
per  Ohm. 


12  40a 

9S6a 

782a 

6200. 

4920. 
390a 

3090. 

2450. 
195a 

154a 

1220. 

97a 
77a 

610. 

484- 
384- 

304- 

241. 

191. 
152, 
120. 

95-5 
75-7 
60.0 

47.6 
37.8 
29.9 


1-7 


2' 
l\ 
14.9 


II.8 

9-39 
7.45 

4.68 
372 

•2.95 

2-34 
1.85 

1.47 
1.17 
0.924 
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Hard-Drawn  Aluuliivm  WIra  at  20^  0. 


Amaitoan  Wlra  Gaga  (B.  ft  8.)   Katrlo  Units. 


Gage 
No. 


oooo 
ooo 

00 

o 
I 

2 

3 
4 
5 


7 
8 

9 

10 

II 

12 

»3 

14 

»7 

i8 
19 

20 

21 
22 

23 

24 

2 
2 

28 
29 

30 

3' 

32 

33 
34 
35 

36 

3Z 
38 

39 
40 


Diameter 
in  nun. 


11.7 
10.4 

9-3 

8.3 
6.5 

5.8 

4.6 

4.1 
37 
3-3 

2.91 
2.59 
2.30 

2.05 
1.83 
1.63 

1.45 
1.29 

1.15 
1.02 

.64 
•57 

•51 

•45 
.40 

.36 

•32 
.29 

.25 
.227 

.202 

.180 
.160 

.143 

.127 

"3 
.101 

.090 
.080 


CroM  Section 
in  mm.* 


107. 
85.0 
67.4 

53-5 
42.4 

26.7 

21.2 
16.8 

^33 
10.5 

8-37 

6.63 
5.26 
4.17 


:.o2 


3- 
2. 

2.08 


1.65 

»-3i 
1.04 

0.823 

.653 
.518 

.411 
.326 
.258 

.205 
.162 
.129 

.102 

.0810 

.0642 

.0509 
.0404 
.0320 

.0254 
.0201 
.0160 


.0127 
.0100 
.0080 

.0063 
.0050 


Ohms  per 
Kilometer. 


0.264 

•333 
.419 

.529 
.667 
.841 

1.06 

1.34 
1.69 

2.13 

2.68 
3.38 

4.26 

38 
78 

10.8 
13.6 

I7.I 

21.6 

27-3 

34.4 

43-3 
54-0 

68.9 
86.9 
110. 

138. 
174. 
220. 

277. 

349- 
440. 

555- 
700. 

883. 

mo. 
1400. 
1770. 

2230. 
2820. 

3550. 

4480. 
5640. 


Kiloeraros  per 
Kilometer. 


Grams  per 
Ohm. 


289. 
230. 
182. 


144. 
114. 
90.8 

72.0 
57.1 

45-3 

35-9 
28.5 

22.6 

17.9 
142 

"•3 

8.93 
7.08 

5.62 

4.46 

353 
2.80 

2.22 
1.76 
1.40 

I. II 
0.879 
.697 

•553 
.438 
.348 

.276 
.219 

•173 

.138 
.109 
.0865 

.0686 

•0544 
.0431 

.0342 
.0271 
.0215 

.0171 
•o'35 


I  100  000. 
690  000. 
434  000. 

273  000. 
172  000. 
108  000. 

67  900. 
42  700. 
26  900. 

16  900. 

10  600. 

6680. 

4200. 
2640. 
1660. 

1050. 
657. 
413- 

260. 
164. 
103. 

64.7 
40.7 
25.6 

16.1 
10. 1 
6.36 

4.00 
2.52 
1.58 

0.99 
.62 

•394 

.248 
.156 
.0979 

.0616 
.0387 
.0244 

•0153 
.00963 

.00606 

.003  81 
.002  40 


Meters  per 
Ohm. 


3790. 
3010. 
2380. 

1890. 
1500. 
1 190. 

943. 
748. 

593- 
470. 


186. 
148. 

117. 
92.8 

73-^ 

58.4 
46.3 
3^-7 

29.1 
23.1 
18.3 

14-5 
11.5 

913 

7.24 
5-74 
4.55 

3.61 
2.86 
2.27 

1.80 

1.43 
1-13 

0.899 
.712 
.565 

.448 

•355 
.282 

.223 

.177 


Bmithsonian  Tables. 


Z^  Tables  414-^5. 

TABLE  414.  —  Ratio  of  Alternating  to  Direct  Current  Resistances  for  Copper  Wires. 

This  table  gives  the  ratio  of  the  resistance  of  straight  coppes  wires  with  alternating  currents  of  different  ireq< 
to  the  value  of  the  resistance  with  direct  currents. 


Diameter  of 

Frequency/  — 

wire  m 
millimeters. 

60 

100 

1000 

zo,ooo 

100,000 

1,000,000 

o.os 

___ 

^MM 

^.^ 

.... 

__ 

♦i.ooi 

O.I 

— 

— 

— 

— 

♦i.ooi 

X.008 

0.2S 

— 

— 

— 

1.003 

Z.247 

o.s 

— 

^— 

^— 

♦i.ooi 

1.047 

2.240 

I.O 

^— 

*"*                     » 

— 

Z.008 

I.S03 

4- 19 

2.0 

— 

— 

Z.OOI 

Z.Z20 

2.756 

8.10 

3. 

— 

— 

Z.006 

1.437 

4.00 

Z2.0 

4- 

— 

— 

Z.02Z 

1.842 

s.24 

17.4 

S- 

— 

♦l.OOl 

1.047 

2.240 

6.49 

19.7 

75 

Z.OOI 

Z.002 

I.  210 

3.22 

7.50 

29-7 

zo. 

1.003 

1.008 

I.S03 

4.19 

Z2.7 

39- z 

IS. 

Z.0I6 

1.038 

2.136 

6.14 

z8.8 

ao. 

1.044 

1. 120 

2.756 

8.ZO 

2<.2 
28.3 

-— 

as. 

I.Z05 

1.247 

3.38 

10. 1 

— 

40. 

1.474 

Z.842 

S.24 

17-4 

.^ 

— 

zoo. 

3.31 

4.19 

13.7 

39.1 

— 

'— 

Values  between  i.ooo  and  i.ooi  are  indicated  by  *i.ooi. 

The  values  are  for  wires  having  an  assumed  conductivity  of  i  .60  microhm-ans;  for  copper  wires  at  room  tempeu- 
tuies  the  values  are  slightly  less  than  as  given  in  table. 

The  change  of  resistance  of  wire  other  than  coi^>er  (iron  wires  excepted)  may  be  calculated  from  the  above  tabie 

by  taking  it  as  proportional  to  d's/f/ft  where  d  —  diameter,/  the  frequency  and  p  the  resistivity. 

If  a  ghren  wire  oe  wound  into  a  solenoid,  its  resistance^  at  a  given  frequency,  will  be  greater  than  the  values  in  the 
table,  which  apply  to  straight  wires  only.  The  resistance  m  this  case  is  a  complicated  function  of  the  pitch  and  radius 
of  the  winding,  the  frequency,  and  the  diameter  of  the  wire,  and  is  foimd  by  experiment  to  be  sometmies  a.s  much  as 
twice  the  value  for  a  straight  wire. 


TABLE  415.— 


Diameter  of  Wires  for  Hiah-frequency  Altematiiig-to-direct-ciifrent 
•     Resistance  Ratio  of  1.01. 


Frequency  +  lo*. 


Wave-length,  meters 


Material. 


Copper 

Silver 

Gold 

Platinum 

Mercury 

Manganin 

Constantan. . . 
German  silver, 

Graphite 

Carbon 

Iron  n  V  1000 
M  -500. 

fA  —  ZOO.. 


O.I 


3000 


0.2 


1500 


0.4 


750 


0.6 


500 


0.8 


375 


1.0 


300 


1.2 


250 


IS 


200 


2.0 


150 


3.0 


zoo 


Diameter  in  centimeters. 


0.0356 

0.034s 

0.0420 

0.1120 

0.264 

0.1784 

0.1892 

0.Z942 

0.76s 
Z.60 


0.00263 

0.00373 
0.00838 


0.025Z 
0.0244 
0.0297 

0.0793 
0.Z87 
o. 1261 

0.1337 
0.Z372 

0.541 
Z.Z3 


o.ooz86 
0.00264 
0.00590 


O.OZ77 
0.0Z73 

0.02Z0 

0.0560 

0.Z32 

0.0892 

0.0946 

0.0970 

0.383 
0.80Z 


0.00131 
0.00187 
0.00418 


0.0145 

0.0125 

O.OIZ2 

0.0102 

0.0092 

0.0079 

0.0Z4Z 

0.0122 

O.OZO9 

0.0099 

0.0089 

0.0077 

0.0172 

0.0149 

0.0133 

O.OI2Z 

0.0108 

0.0094 

0.0457 

0.0396 

0.0354 

0.0323 

0.0290 

0.0250 

0.1080 

0.0936 

0.0836 

0.0763 

0.0683 

0.059Z 

0.0739 

O.063Z 

0.0564 

O.O5IS 

0.0461 

0.0399 

0.0772 

0.0664 

0.0598 

0.0546 

0.0488 

0.0423 

0. 0792 

0.0692 

0.0614 

0.0560 

0.0500 

0.0434 

0.«12 
0.654 

O.27Z 

0.242 

0.221 

O.Z97 

O.Z7Z 

0.566 

0.506 

0.462 

0.414 

0.358 

0.00108 

0.00083 
O.OOI18 

0.00076 

0.00068 

0.00059 
0.00084 

0.00152 

0.00133 

0.00108 

0.00096 

0.00340 

0.00395 

0.00264 

0.00241 

0.002Z5 

0.00Z86 

0.0065 

0.0063 

0.0077 

0.0305 

O.Q483 

0.0325 

0.034S 

o.O(3S4 

0.Z40 

0.392 


0.00048 
0.0006S 
0.00Z59 


Bureau  of  Standards  Circular  74,  Radio  Instruments  and  Measurements,  Z9z8. 
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Every  gram-km  involved  in  an  electiolsrtic  chan^  reqiures  the  same  number  of  couIombA  or  ampere-hoiUB  of  elec- 
tricity per  unit  change  of  valency.  This  constant  is  96.^04  coulombs  or  36.804  ampere-hours  per  gram-hour  (a  Fara- 
day) corresponding  to  an  electxodiemical  equivalent  for  silver  of  0.001  xx8oo  gram  sec'^  am|>~^.  It  is  to  be  noted  that 
the  ckoMge  of  vaUnce  of  the  element  from  its  state  before  to  that  after  the  electrolytic  action  should  be  considered. 
The  valence  of  a  free,  \mcombined  element  is  to  be  considered  as  o.  The  same  current  will  electrolyze  "chemicaUv 
equivalent"  quantities  per  unit  time.  The  valence  is  then  included  in  the  "chemically  equivalent"  quantity.  The  fol- 
lowixkg  table  is  based  on  the  atomic  weights  of  X9X7. 


Element. 

•3  . 

u> 

3 

3 

Mg 
coulomb. 

Coulombs 
per 

mg 

Grams 

peramp.- 

hour. 

Element. 

u  ^ 

X 

3 

3 

3 

4 

3 

t 

X 
X 
X 
3 

4 
3 

Mg 
coulomb. 

Coulombs 
per 
mg 

Grams 
per  amp.- 
hour. 

Aluminum 

Chlorine 

•• 

1* 

t< 

Copper 

Gold..'.'..*!!! 

Hydrogen 

Lead 

«i 

Mercury 

<4 

0.0936 
0.367s 

O.X335 

0.0735 
0.0535 
0.6588 
0.3394 

0.68x3 

0.010459 

2.1473 

x.0736 
0.5368 

3.0789 

1.0394 

X0.683 
3.73X 
8x64 

13.606 

19.05 
x.5x8 
3.036 

5!  738 
0.4657 

x!§638 
0.48x0 
0.9630 

0.3370 
X.3339 
0.4^10 
0. 3646 
0.1890 

mil 

7.357 

2.453 

0.037607 

7.7303 

3.8651 

x.9336 

7.484 
3.742 

Nickel 

t4 
•1. 

Oxygen 

Platinum 

It 

(t 

.... 

Potassium. . . 

Silver 

Sodium 

Tin 

0.608X 
0.304X 
0.3037 
0.0839X 

0.0414s 
X.OIX5 

0.5057 
0.3373 
0.4053 
X.X180 
0.3384 
0.615X 
0.3075 
0.3387 

1.6444 
3.289 

4-933 
X2.062 
34x33 

0.9887 

3.966 

3.468 

0.8944s 

4.195 

x.636 

3.353 

3.952 

3.X893 
1.0946 
0.7398 
0.3985 
0.X493 
3.641 

I.83X 
X.3X4 

1.459^ 
4.0348 
0.8581 

3.3x4 
I.X07 

I.8I94 

•• 

Zinc 

The  electrochemical  equivalent  for  silver  is  o.ooxxx8oo  g  sec*  amp~^.    (See  p.  zxxvii.) 

For  other  elements  the  electrochemical  equivalent  —  (atomic  weight  divided  by  change  ot  valency)  times  x/96494 
g/sec/amp.  or  g/coulomb.    The  equivalent  for  iodine  has  been  determined  at  the  Bureau  of  Standards  as  0.00x3x50 

(1913). 

For  a  unit  change  of  valency  for  the  diatomic  gases  Bn,  Cb,  Fi,  Ht,  Nt  and  Oi  there  are  required 

8.619  coulombs/cm'  o*  C,  76  cm  (0.1160  anVcoulomb) 
2.394  ampere-hours//,  o"  C,  76  cm  (0.4177  //ampere-hour). 

Note.  —  The  change  of  valency  for  Oi  is  usually  a,  etc. 
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Tables  417,  418. 


CONDUCTIVITY  OF  ELECTROLYTIC  SOLUTIONS. 

This  subject  has  occupied  the  attention  of  a  considerable  number  of  eminent  workers  m 
molecular  physics,  and  a  few  results  are  here  tabulated.  It  has  seemed  better  to  confine  the 
examples  to  the  work  of  one  experimenter,  and  the  tables  are  quoted  from  a  paper  by  F.  Kohl- 
rausch,*  who  has  been  one  of  the  most  reliable  and  successful  workers  in  this  field. 

The  study  of  electrolytic  conductivity,  especially  in  the  case  of  very  dilute  solutions,  has  fur- 
nished material  for  generalizations,  which  may  to  some  extent  help  in  the  formation  of  a  soood 
theory  of  the  mechanism  of  such  conduction.  If  the  solutions  are  made  such  that  per  unit 
volume  of  the  solvent  medium  there  are  contained  amounts  of  the  salt  proportional  to  its  electro- 
chemical equivalent,  some  simple  relations  become  apparent.  The  solutions  used  by  Kohlraosch 
were  therefore  made  by  taking  numbers  of  grams  of  the  pure  salts  proportional  to  their  elec- 
trochemical equivalent,  and  using  a  liter  of  water  as  the  standard  of  quantity  of  the  solvent.  Tak- 
ing the  electrochemical  equivalent  number  as  the  chemical  equivalent  or  atomic  weight  divided 
by  the  valence,  and  using  this  number  of  grams  to  the  liter  of  water,  we  get  what  is  called 
the  normal  or  gram  molecule  per  liter  solution.  In  the  table,  m  is  used  to  represent  the 
number  of  gram  molecules  to  the  liter  of  water  in  the  solution  for  which  the  conductivities 
are  tabulated.  The  conductivities  were  obtained  by  measuring  the  resistance  of  a  cell  filled  with 
the  solution  by  means  of  a  Wheatstone  bridge  alternating  current  and  telephone  arrangement. 
The  results  are  for  i8°  C,  and  relative  to  mercury  at  cP  C,  the  cell  having  bneen  standardized  ^ 
filling  with  mercury  and  measuring  the  resistance.  They  are  supposed  to  be  accurate  to  within 
one  per  cent  of  the  true  value. 

The  tabular  numbers  were  obtained  from  the  measurements  in  the  following  manner  :  — 

Let  -ATx,  =  conductivity  of  the  solution  at  i8^  C.  relative  to  mercury  at  o®  C. 

AT*,  =  conductivity  of  the  solvent  water  at  i8°  C.  relative  to  mercury  at  o°  C. 

Then  A',,  — K%  =  >&,,  =  conductivity  of  the  electrolyte  in  the  solution  measured. 

-^  =  /i  =  conductivity  of  the  electrolyte  in  the  solution  per  molecule,  or  the  "  specific 
fn 

molecular  conductivity." 

TABLE  417.— ValiM  of  l^a  to  a  ftw  BlMlxtflytM. 

This  short  table  illustrates  the  apparent  law  that  the  conductivity  in  very  dilute  solntions  isproportioBal  to  tlie 

amount  of  salt  dissolved. 


tis 

KQ 

NaCl 

AgNO, 

KC,H,0, 

K,S04 

MeSO« 

O.OOOOX 
0.00002 

0.00006 
0.0001 

1.2x6 

2.434 
7.272 

12.09 

1.024 
2.056 
6.162 
10.29 

1.080 
2.146 
6.462 
10.78 

5.610 
9-34 

1.275 

2.532 
7.524 
1249 

1.056 
2.104. 

6.216 
10.34 

TABLB  418.  —  BlMtn-Oliimloal'  BqvlTtltnts  and  Vomal  SolntloiiB. 

The  following  table  of  the  electro-chemical  equivalent  numbers  and  the  densities  of  approximately  normal  solotioBs 
of  the  salts  quoted  in  Table  419  may  be  convenient.  They  represent  grams  per  cubic  centimeter  of  the  aolotion 
at  the  temperature  given. 
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Salt  dissolved. 

Grams 
per  liter. 

m 

Temp. 

a 

Density. 

Salt  dissolved. 

Grams 
per  liter. 

m. 

Temp. 
C. 

Density. 

KCl     .     .     . 

74-59 

1.0 

1^.6 

1.0457 

IK2SO4     . 

87.16 

1.0 

18.9 

IX>658 

NH4CI     . 

53-55 

1.0009 

1. 01 52 

Na«S04  . 

71.09 

1.0003 

18.6 

1.0602 

NaCl  . 

58.50 

I.O 

18.4 

1.0391 

Li2S04    . 

55-09 
60.17 

1.0007 

18.6 

1.0445 

LiCl    .    . 

42.48 

1.0 

18.4 

1.0227 

MgS04    . 

1.0023 

18.6 

10573 

iBaCl2    . 

104.0 

1.0 

18.6 

1.0888 

ZnS04     . 

80.58 

1.0 

18.2 

1.0794 

ZnCls    . 

68.0 

1. 01 2 

15.0 

1.0592 

1  CUSO4     . 

79.9 

1. 001 

1.0776 

ki.   . 

165.9 

1.0 

18.6 

I.I  183 

KaCOg    . 

69.17 

1.0006 

18.3 

1-0576 

KNOg 

101.17 

1.0 

18.6 

I.0601 

NaaCOg  . 

5304 
56.27 

1.0 

;^i 

1^517 

NaNOg 

85.08 

1.0 

18.7 

1.0542 

KOH    .    ! 

1.0025 

1.0477 

AgNOs 

169.9 

1.0 

— 

— 

HCl      .    . 

36.51 

I.OO4I 

18.6 

I.0161 

JBa(N08)2  . 
KClOs     .     . 

65.28 

0-5 

— 

— 

HNOg  .    . 

4900 

1. 001 4 

18.6 

I.0318 

61.29 

0.5 

18.3 

1.0367 

iH2S04      . 

1.0006 

18.9 

1.0300 

KC^HgOs 

98.18 

1.0005 

18.6 

1.0467 

Table  419.  ^Ay 

SPECIFIC   MOLECULAR  CONDUCTIVITY  |a  :  MERCURY  =  10*. 


Salt  diwolved. 

M^  10 

5 

3 

I 

0.5 

0.1 

.05 

.OS 

.01 

JK2S04    .          .          . 
KCl          ... 

_ 

^ 

^ 

^ 

672 

736 

1083 

959 

1098 

— 

- 

827 

t^ 

958 

XO47 

1 107 

"47 

KI.          .        .        . 

— 

770 

900 

997 

1069 

1102 

1123 

1x61 

NH4CI     . 

— 

752 

825 

907 

839 

1035 
983 

1078 

IIOI 

1142 

KNOg      . 

— 

— 

572 

752 

1037 

1067 

1122 

iBaCla     . 
KClOs     . 

— 

— 

487 

658 

725 

861 

x9°i 

939 

1006 

- 

— 

— 

— 

799 

927 

(976) 

1006 

1053 

4Ba,N,06        .        . 
iCuSO*  . 

- 

— 

- 

- 

2'^ 

755 

828 

(870) 

951 

— 

— 

150 

241 

i24 

479 

(^) 

675 

AgNOs    .        .        . 

— 

35» 

448 

635 

728 

886 

936 

1017 

t 

ZnS04  . 

— 

82 

146 

249 

302 

431 

500 

685 

■ 

MgS04  . 

- 

82 

151 

270 

330 

474 

it 

7*5 

^ 

' 

Na2S04 

- 

— 

475 

559 

734 

906 

' 

ZnCU 

60 

180 

280 

^t 

601 

7& 

851 

915 

NaCl       . 

— 

398 

528 

757 

865 

897 

(920) 

962 

NaNOs    . 

— 

— 

430 
381 

'   617 

694 

^^7 

855 

877 

§07 
879 

KCaHgOi 

30 

240 

594 

671 

784 

820 

841 

jNasCOg 

- 

1500 

427 

1^99 

682 

751 

799 

899 

JH2SO4  . 

660 

1270 

1820 

2084 

2343 

25x5 

2855 

C,H40    .        .        . 

0.5 

2.6 

5-2 

12 

19 

43 

62 

79 

132 

HCl         ... 

600 

1420 

2010 

2780 

3017 

3244 

3330 

3369 

3416 

HNOg     . 

6x0 

1470 

2070 

2770 

2991 

3225 

3328 
620 

3395 

JHSPO4  .        .        . 
KOH 

148 

160 

170 

200 

250 

430 
1986 

540 

790 

423 

990 

1314 

17x8 

1841 

2045 

2078 

2124 

NHg        .        . 

0.5 

2.4 

3-3 

8.4 

12 

31 

43 

50 

92 

Salt  diMolvcd. 

.006 

.002 

.001 

•0006 

.0003 

.0001 

.00006 

.ooooa 

.00001 

IK2SO4   . 

KCl         ... 

1130 

1 162 

1181 

1207 

1220 

1 241 

1249 

1254 

1266 

1275 
1216 

1 185 

"93 

"99 

1209 

1209 

1212 

12x7 

KI   . 

1 176 

1107 
1 180 

1203 

1209 

1214 

1216 

1216 

12x6 

1207 

NH4CI    . 

"57 

1190 
1 180 

"97 

1204 

1209 

1215 

1 200 

1205 

KNOg     . 

1 140 

"73 

1190 

"99 

1207 

1220 

II98 

1215 

iBaCls     . 

1031 
1068 

1074 

1092 

1 102 

1118 

X126 

"33 
1 126 

"44 

X142 

KClOg     . 

1091 

IIOI 

1 109 

IX19 

1122 

"35 

1141 

IBasNsOg 

982 

1033 

1054 

1066 

1084 

1096 

IIOO 

1114 

1114 

ICUSO4  . 

740 

873 

950 

987 

1039 

1062 

1074 

1084 

1086 

AgNOg   . 

1033 

1057 

1068 

1069 

1077 

1078 

1077 

1073 

X080 

' 

-ZnS04  .        . 

744 

861 

919 

953 

lOOI 

1023 

1032 

1047 

1060 

1 

tMgS04  . 

773 

88x 

935 

1015 
1026 

1034 

1036 

X052 

1056 

1 

: 

ENa2S04 

933 

980 

1009 

1034 

1038 

1056 

»o54 

1 

ZnCla     . 

939 

^ 

994  " 

X004 

1020 

1029 

1031 

1035 
1028 

1036 

NaCl       . 

976 

1008 

X014 

1018 

1029 

1027 

1024 

NaNOg   . 

021 

942 

952 

956 

966 

975 

970 

972 

975 

KCaHgOa 

891 

913 

919 

923 

W 

934 

935 

943 

939^ 

jNaaCOg 

JH8S04    . 

956 

lOIO 

1037 

1046 

874 

790 

715 

697* 

3001 

3240 

3316 

3342 

3280 

3118 

2927 

2077 

1413* 

C2H4O    . 

170 

283 

380 

470 

796 

995 

"33 

1328 

1304* 

HCl         ... 

3438 

3455 
3448 

3455 

3440 

3340 

3^70 

2968 

2057 

i2S4» 

HNOg     . 

^^l 

^^il 

3408 

3285 

3088 

2863 
746 

1904 

"44* 

JH8PO4  .        .        . 
KOH       . 

858 

945 

968 

977 

Q20 
1892 

1689 

497 

402* 

214I 

2140 

2110 

2074 

M74 

845 

747* 

NHg 

116 

190 

260 

330 

500 

610 

690 

700 

560* 

*  Acids  and  alkaline  salts  show  peculiar  irregularities. 
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Tables  420,  421. 


LIMITING  VALUES  OF  fl.    TEMPERATURE  COEFFICIENTS. 

TABLE  480- Uniting  ValUM  of  ft. 
This  table  shows  limitiDg  Talnes  of  ft  =  —  .  lo*  for  infinite  dilution  for  neutral  salts,  calculated  fiDm  Table  271. 


Salt. 

f* 

Salt. 

M 

Salt. 

ft 

Salt.                11 

iK2S04       . 

KCl.    .    . 
KI    .    .    . 
NH4CI.    . 
KNOg  .    . 

1280 
1220 
1220 
1210 
1210 

iBaCl2      . 
iKClOg     . 
iBaNaOe  . 
iCuS04     . 
AgNOg     . 
iZnS04     . 

1 1 50 
1150 
1 120 

XIOO 

1090 
loSo 

iMgS04    . 
iNa2S04  . 
iZnCl    .    . 
NaCl     .    . 
NaNOg     . 

K2C2Hg02 

1080 
1060 
1040 

1030 
980 
940 

HCl      .    . 
HNOg.    . 

iH8P04     . 

KOH    .    . 
iNajCOg  . 

3700 
3500 
3500 

XIOO 

2200 
1400 

If  the  quantities  in  Table  420  be  represented  by  curves,  it  appears  that  the  values  of  the 
specific  molecular  conductivities  tend  toward  a  limiting  value  as  the  solution  is  made 
more  and  more  dilute.     Although  these  values  are  of  the  same  order  of  magnitude,  they    i 
are  not  equal,  but  depend  on  the  nature  of  both  the  ions  forming  the  electrolyte. 

When  tne  numbers  in  Table  421  are  multiplied  by  Hittorf's  constant,  or  0.0001 1,  quan- 
tities ranging  between  0.14  and  0.10  are  obtained  which  represent  the  velocities  in  milli- 
metres per  second  of  the  ions  when  the  electromotive  force  gradient  is  one  volt  per 
millimetre. 

Specific  molecular  conductivities  in  general  become  less  as  the  concentration  is  in- 
creased, which  may  be  due  to  mutual  interference.    The  decrease  is  not  the  same  for 
different  salts,  but  oecomes  much  more  rapid  in  salts  of  high  valence. 

Salts  having  acid  or  alkaline  reactions  show  marked  differences.    They  have  small 
specific  molecular  conductivity  in  very  dilute  solutions,  but  as  the  concentration  is  in- 
creased the  conductivity  rises,  reaches  a  maximum  and  again  falls  off.     Kohlrausch  does 
not  believe  that  this  can  be  explained  by  impurities.     HgP04  in  dilute  solution  seems  to 
approach  a  monobasic  acid,  while  H2SO4  shows  two  maxima,  and  like  HgP04  approaches 
in  very  weak  solution  to  a  monobasic  acid. 

Kohlrausch  concludes  that  the  law  of  independent  migration  of  the  ions  in  media  like 
water  is  sustained. 

TABLE  481.  — TtmvtimtaM  OoiUiolaits. 

The  temperature  coefficient  in  general  diminishes  with  dilution,  and  for  very  dilute  solutions  appears  to  aj^iroach  a 
common  value.  The  following  table  gives  the  temperature  coefficient  for  soludons  containing  0.01  gram  moie- 
ciile  of  the  salt. 


Salt. 

Temp. 
Coeff. 

Salt. 

Temp. 
Coeff. 

Salt. 

Temp. 
Coeff. 

Salt. 

Corfr 

KCl  .    .    . 
NH4CI  .    . 
NaCl     .    . 
LiCl.    .    . 
iBaCl2  .    . 
iZnCl2  .     . 
iMgCls      . 

0.0221 
0.0226 
0.0238 
0.0232 
0.0234 
0.0239 
0.0241 

KI    .    .    . 
KNOg   .    . 
NaNOg.    . 
AgNOg.    . 
iBa(NOg)2 
KClOg  .    . 
KC2Hg02  ■ 

0.0219 
0.0216 
0.0226 

0.022  X 

0.0224 
0.0219 
0.0229 

iK2S04      . 
iNa2S04    . 
iLi2S04     . 
iMgS04    . 
iZnSOg      . 
iCuS04     . 

0.0223 
0.0240 
0.0242 
0.0236 
0.0234 
0.0229 

iKaCOg     .    . 
iNajCOg  .    . 

ao249 
ao265 

KOH    .    .    . 
HCl      ... 
HNOg  .    .    . 

iH2S04      .     . 

0.0194 
0.01 59 
0.0162 
aoi25 

iH2S04            } 

for  m  —  .001  5 

0.0159 

1 
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THE    EQUIVALENT    CONDUCTIVITY    OF    SALTS,    ACIDS  AND    BASES    IN 

AQUEOUS  SOLUTIONS. 

In  the  following  table  the  equivalent  conductance  is  expressed  in  reciprocal  ohms.  The  con- 
centration is  expressed  in  milli-equivalents  of  solute  per  litre  of  solution  at  the  temperature  to  which 
the  conductance  refers.  (In  the  cases  of  potassium  hydrogen  sulphate  and  phosphoric  acid  the 
concentration  is  expressed  in  milli-formula-weights  of  solute,  KHSO4  or  H8PO4,  per  liter  of  solu- 
tion, and  the  values  are  correspondingly  the  modal,  or  **  formal/'  conductances.)  Except  in  the 
cases  of  the  strong  acids  the  conductance  of  the  water  was  subtracted,  and  for  sodium  acetate, 
ammonium  acetate  and  ammonium  chloride  the  values  have  been  corrected  for  the  hydrolysis  of 
the  salts.  The  atomic  weights  used  were  those  of  the  International  Commission  for  1905,  referred 
to  oxygen  as  16.0a    Temperatures  are  on  the  hydrogen  gas  scale. 

Concentration  in  gram  equivalents. 

1000  liter 

„     .     ,  ,  reciprocal  ohms  per  centimeter  cube 

Equivalent  conductance  m — -. — -. — - — r-. 7: — : — • 

^  gram  equivalents  per  cubic  centimeter 


• 

§1 

Equivalent  conductance  at  the  following  ^  C  temperatures. 

• 

QiilvKfsn^^ 

OUUomIU^C* 

180 

»so 

Soo 

ys^' 

looP 

128P 

1560 

ai80 

a8i° 

306° 

Potassium  chloride  . 

0 

130.1 

(152.I) 

(232.5) 

(321.5) 

414 

(519) 

^5 
588 

825 

1005 

1 1 20 

(t                             u 

2 

126.3 

146.4 

- 

393 

— 

779 

930 

1008 

II                   it 

10 

122.4 

I4I.5 

215.2 

295.2 

377 

470 

5^ 

741 

874 

910 

i«                     (t 

80 

"3-5 

— 

— 

342 

— 

498 

638 

723 

720 

t<                   <( 

100 

II  2.0 

129.0 

194.5 

264.6 

336 

415 

490 

Sodium  chloride  .    . 

0 

109.0 

- 

- 

362 

555 

760 

070 

1080 

tl                          M 

2 

105^6 

- 

- 

— 

349 

- 

534 

722 

§95 

sll 

"                         **               .        . 

10 

102.0 

- 

- 

— 

33^ 

- 

5" 

685 

820 

I<                          fl 

80 

93  5 

- 

— 

- 

301 

— 

450 

500 

674 

680 

M                       t«             ^        ^ 

100 

92.0 

- 

— 

— 

296 

— 

442 

Silver  nitrate  .    .    . 

0 

II  5.8 

^^Z 

— 

367 

- 

570 

780 

2^5 

1065 

li          (( 

•    •    « 

2 

1 12.2 

- 

— 

353 

— 

539 

727 

877 

§31 

II          II 

•    •    1 

10 

108.0 

- 

- 

— 

337 

- 

507 

673 

790 

818 

<i          II 

•        •        1 

20 

105. 1 

• 

- 

— 

326 

- 

488 

639 

11          II 

■        •        I 

40 

101.3 

- 

- 

— 

312 

— 

462 

599 

680 

680 

K                  II 

•                •                1 

80 

96.5 

- 

- 

— 

294 

— 

432 

552 

614 

'604 

II                  il 

•                ■ 

.  100 

94.6 

- 

- 

^ 

289 

Sodium  acetate    .    . 

0 

78.1 

- 

- 

p 

26^ 

- 

450 

660 

— 

024 

II            44 

2 

74.5 

- 

— 

— 

^ 

421 

578 

- 

801 

«           II 

10 

71.2 

— 

- 

— 

253 

— 

396 

542 

— 

702 

i<           II 
Magnesium  sulphate 

80 
t        0 

63.4 
114.1 

^ 

^ 

— 

221 
426 

— 

^ 

1080 

II                11 

2 

94.3 

— 

— 

"" 

302 

- 

377 

260 

II                « 

10 

76.1 

— 

— 

— 

234 

- 

241 

'43 

«                <i 

20 

67.5 

- 

- 

190 

—  . 

158 

no 

a                      11 

.      40 

59-3 

- 

- 

160 

- 

88 

II                      II 

80 

52.0 

— 

— 

^3^ 

— 

133 
126 

75 

II                      It 

!  100 

49.8 

— 

- 

- 

130 

— 

M                                (1 

200 

431 

- 

— 

— 

no 

- 

too 

Ammonium  chloride 

0 

131. 1 

152.0 

- 

- 

(415) 

— 

(628) 

(841) 

- 

(1 176) 

(1                  11 

2 

126.5 

146.5 

- 

- 

399 

— 

601 

801 

- 

1031 

l«                                      M 
II                                      II 

10 

30 

122.5 
118.1 

141.7 

^ 

^ 

382 

^ 

573 

758 

^^ 

Td 

Ammonium  acetate 

0 

(99.8) 

- 

- 

- 

(338) 

- 

(523) 

11               II 

10 

91.7 
88.2 

- 

— 

- 

300 

— 

456 

II               II 

25 

■ 

■ 

286 

426 

From  the  investigations  of  Noyea,  Mdcher,  Cooper,  Eastman  and  Kato ;  Journal  of  the  American  ChemicaU  Society, 

30,  p.  33 5i  «9o8- 
Smithsonian  Tailcs. 


35^  Tablk  422(^<wrf«»»^. 

THE    EQUIVALENT    CONDUCTIVITY    OF    SALTS,    ACIDS    AND 

AQUEOUS   SOLUTIONS. 


IN 


1 

Equivalent  conductance  at  the  following  ^  C  (iemperatures. 

SubctanoB. 

^^  ■■  ■»  •  m^^ma^0^0% 

o 

iSP 

»5° 

50P 

75° 

385 

lago 

X560 

2X80 

aSxO 

S06P 

Barium  nitrate .    .    . 

1 16.9 

^ 

^ 

^ 

^ 

600 

840 

II20 

448 

M                     it 

•  •                • 

M                     it 

•  •                • 

2 
10 

109.7 
10 1. 0 

^ 

~ 

— 

352 

322 

— 

481 

u 

828 
658 

((                     t< 

•                •                • 

i° 

88.7 

— 

— 

— 

280 

— 

412 

507 

503 

•        •        • 

8o 

81.6 

-  ■ 

- 

— 

258 

- 

372 

449 

430 

l<                       4( 

... 

100 

79-1 

— 

— 

— 

249 

Potassium  sulphate  . 

o 

132.8 

— 

- 

- 

455 

- 

715 

•?^ 

1460 

1725 

M                                 M 

2 

124.8 

- 

- 

- 

402 

- 

605 

893 

|67 

14                                 It 

lO 

115.7 

— 

— 

- 

365 

- 

537 

672 

687 

466 

tf                                 t< 

40 

104.2 

— 

— 

— 

320 

— 

455 

545 

':^ 

tt                                <t 

8o 

lOO 

97.2 
95-0 

^ 

." 

^ 

2^6 

^ 

415 

482 

396 

Hydrochloric  acid 

O 

379-0 

— 

- 

— 

850 

- 

1085 

1265 

1380 

1424 

it             it 

2 

fd'. 

— 

- 

- 

826 

— 

1048 

1217 

1332 

»337 
1 162 

«             (( 

10 

— 

-  ■ 

- 

807 

— 

1016 

1 168 

1226 

tt             tt 

8o 

3530 

- 

- 

— 

762 

— 

946 

1044 

1046 

862 

t(             tt 

lOO 

350.6 

— 

— 

- 

754 

- 

929 

1006 

Nitric  acid  .... 

O 

3770 

421.0 

570 

706 

826 

945 

1047  (1230) 

— 

(1380) 

it        ti 

.... 

tf        tt 

.... 

2 
lO 

371.2 
365.0 

413.7 
406.0 

1^ 

690 
676 

806 
786 

t^l 

1012 
978 

1 166 

^ 

1156 

It        it 

.... 

50 

353.7 
346.4 

3?3-3 

528 

649 

750 

845 

U 

tl            u 

•           .           .           • 

lOO 

385.0 

516 

632 

728 

817 

- 

— 

454' 

Sulphuric  acid .    .    . 

O 

383-0 

(429) 

(591) 

(746) 

891 

(1041) 

1176 

1505 

— 

(2030) 

t«           it 

... 

2 

353-9 

390.8 

501 

561 

571 

460 

53^ 

563 

— 

637 

(1           ti 

... 

lO 

309.0 

337-0 

406 

350 

446 

481 

533 

•        •         • 

5° 

253-5 

273.0 

3^3 

384 

417 

448 

502 

•         «          • 

'  lOO 

233.3 

251.2 

661.0 

336 

3^ 

404 

435 

483 

- 

474* 

Potassium  hydrogen  \ 
sulphate    .    .    .    i 

2 

455.3 

506.0 

754 

784 

446 

754 

50 

295-5 

318.3 

374.4 

403 

422 

Ml 

100 

263.7 

28  r  I 

376 

3".9 

329.1 

354 

375 

402 

435 

Phosphoric  acid    .    . 

0 

2 

338-3 
283.1 

510 
401 

730 
498 

IM 

930 
489 

tt            tt 

10 

203.0 

222.0 

273 

3°?, 

3°! 

298 

274 

tt            tt 

50 

122.7 

132.6 

157.8 

168.6 

168 

158 

^^l 

tt            tt 

100 

96.5 

104.0 

122.7 

129.9 

128 

120 

108 

Acetic  acid  .    .    .    . 

0 

(347-0) 

— 

^^ 

(773) 

— 

(980) 

(1 165) 

— 

(1268) 

t«        tt 

.... 

10 

14.50 

- 

— 

25.1 

- 

22.2 

14.7 

t<        tl 

.... 

100 

8.50 

— 

^ 

- 

14.7 

— 

i^-o 

8.65 

«        tt 

.... 

tt        It 

•        •         •        • 

5.22 
4.67 

^ 

^ 

- 

rd 

^^ 

8.00 

4.82 

'•57 

Sodium  hydroxide 
tl               tt 

0 

2 

216.5 
212.1 

* 

^ 

^ 

1^ 

^ 

814 

1060 

•^* 

tt              tt 

20 

205.8 

— 

— 

- 

559 

- 

77^ 

930 

ti              tt 

50 

200.6 

- 

— 

- 

540 

— 

738 

873 

Barium  hydroxide 

0 

222 

256 

389 

(520) 

645 

(760) 

847 

«i             ft 

•        ■        • 

2 

215 

— 

359 

4 

591 

•<             t< 

•        •        « 

10 

207 

235 

3^2 

449 

548 

664 

722 

•        •        • 

50 

lOI.I 

215.1 

308 

399 

478 

549 

593 

•        •        • 

TOO 

180. 1 

204.2 

291 

373 

443 

503 

531 

0 

(238) 

(271) 

(404) 

(526) 

(647) 

(764) 

(908)  (1141) 

- 

(1406) 

Ammonium  hydrox- 

10 

9.66 

- 

- 

- 

23.2 

22.3     15.6 

ide  

30 

5.66 

- 

- 

- 

13.6 

— 

13.0 

IOC 

3.10 

3.62 

5.35 

6.70 

7.47 

717 

4.82 

" 

1-33 

*  These  values  are  at  the  ooooentxation  8aa 
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Table  423.  ^rj    • 

THE    EQUIVALENT    CONDUCTIVITY    OF    SOME    ADDITIONAL    8ALT8    IN 

AQUEOUS  SOLUTION. 

Conditions  similar  to  those  of  the  preceding  table  except  that  the  atomic  weights  for  1908  were  used. 


Sabstaoce. 

Concen- 

£qaivaUent conductance  at  the  following  °  C  temperature. 

tration. 

©o 

iSP 

»5° 

50° 

75° 

xoo® 

a 

156° 

Potassium  nitrate  .    .    . 

0 

80.8 

126.3 

145.1 

219 

299 

384 

485 

580 

II              11 

2 

78.6 

122.5 

140.7 

212.7 

289.9 

370.3 

460.7 

551 

II              I* 

12.5 

75-3 

1 1 7.2 

I3'4-9 

202.9 

276.4 

351-5 

435-4 

520.4 

«              II 

50 

70.7 

109.7 

126.3 

189.5 

257.4 

326.1 

402.9 

476.1 

M                          II 

100 

67.2 

104.5 
127.6 

120.3 

180.2 

244.1 

308.5 

379.5 

447-3 

Potassium  oxalate 

0 

79-4 

1475 

230 

322 

419 

538 

'M 

II                            u 

2 

74-9 

1 19.9 

139-2 

215.9 

300.2 

389.3 

II                 II 

12.5 

69.3 

III. I 

129.2 

'98i 

27fl 

354.1 

438*8 
383.8 

524.3 

II                   l« 

50 

63 

lOI 

1 16.5 

178.6 

244.9 

^io-^ 

449-5 

l<                  II 

100 

59-3 
55-8 

Q4.6 

109.5 

167 

227.5 

288.9 

353-2 

409.7 

II                   i< 

200 

88.4 

102.3 

155 

210.9 

265.1 

321.9 

372.1 

Calcium  nitrate 

0 

70.4 

1 1 2.7 

130.6 

202 

282 

369 

474 

575 

«i           II 

2 

66.5 
61.6 

IO7.I 

123.7 

1 91. 9 

266.7 

346.5 
314.6 

438.4 

529.8 

II                            14 

12.5 

98.6 

114.5 
102.6 

176.2 

244 

394-5 

473-7 

M                       l( 

50 

55.6 

08.6 

157.2 

216.2 

276.8 

343 

405.1 

If                <l 

100 

51.9 

82.6 

95.8 

T46.1 

199.9 

255-5 

'M' 

369.' 

l<               II 

200 

48.3 

76.7 

80.8 

135-4 

184.7 

234-4 

334-7 

Potassium  ferrocyanide  . 

0 

98.4 

159.6 

185.5 

403 

527 

11                   (1 
II                   II 

0.5 
2. 

01.6 
84.8 

137 

171. 1 

158.9 

243.8 

335-2 

427.6 

II                   II 

12.5 

71 

"3-4 

I3I.6 

200.3 

271 

340 

•1                   II 

50 

58.2 

93-7 

108.6 

163.3 
X48.1 

219.5 

272.4 

M                         a 

100 

Ih 

84.9 

98.4 

198.1 

245 

II                              u 

200 

77.8 

^^2 

135-7 

180.6 

222.3 

II                                    M 

460 

45-4 

72.1 

124.8 

165.7 

203.1 

Barium  ferrocyanide .    . 

0 

9J 

150 

277 

^a 

521 

II               II 

2 

46.9 

48.8 

127.5 

202.3 
129.8 

i<               II 

12.5 

30.4 

56.5 

83.1 

'22 

Calcium  ferrocyanide 

0 

88 

146 

«7i 

271 

386 

512 

II                II 

2 

471 

75.5 

86.2 

130 

U                                 II 

12.5 

31-2 

49.9 

57-4 

II                   II 

50 

24.1 

38.5- 

44-4 

64.6 

81.9 

<i                         II 
M                               II 

100 
200 

21.9 
20.6 

35.1 
32.9 

40.2 
37^ 

55 

73-7 
6J.7 

84.3 
77.5 

II                                 M 

400 

20.2 

32.2 

37.1 

54 

67.5 

76.2 

Potassium  citrate  .    . 

0 

76.4 

124.6 

144-5 

228 

320 

420 

II              It 

0-5 

— 

1 20. 1 

139-4 

II              II 

2 

71 

1 1 5.4 

134.5 

2 10. 1 

293.8 

381.2 

II                        u 

S 

67.6 

109.9 

128.2 

198.7 

276.5 

357.2 

II                l< 

12.S 

62:9 

101.8 

1 18.7 

183.6 

254.2 

326 

II                   II 

SO 

54.4 

87.8 

102.1 

»57-5 

215.5 

273 

II                   tl 

100 

50.2 

80.8 

93-9 

143-7 

196.5 

247-5 

II                     II 

300 

43-5 

69.8 

81 

123.5 

167 

209.5 

Lanthanum  nitrate 

0 

75-4 

6J;.9 

122.7 

142.6 

223 

3'3„ 

413 

534 

651 

<i               II 

2 

1 10.8 

128.9 

200.5 

279.8 

363.5 

457.5 
383-4 

549^ 

II               i« 

12.5 

61.4 

98.5 

1 14.4 

176.7 

243-4 

311.2 

447.8 

M                             II 

SO 

54 

86.1 

99-7 

152.5 

207.6 

261.4 

315-8 

357-7 

M                             II 

100 

49-9 

79.4 

91.8 

139-S 

189.1 

236.7 

282.5 

316.3 

11                             II* 

•                • 

200 

46 

72.1 

83.  S 

126.4 

170.2 

210.8 

249.6 

276.2 

Frpm  the  investigatio 
Smithsonian  Tailcs. 

ns  ( 

af  N 

oyes  and  J 

ohnston 

,  Journal 

of  the  Ai 

a 

nerican  C 

:heroical  1 

Society,  3 

I,  p.  387, 

1909. 
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CONDUCTANCE  OF  IONS.  -  HYDROLYSIS  OF  AMMONIUM  ACETATE. 
TABLE  424.  —  Tk«  BqnlTilint  OondvotaiiM  of  tlw  S«parato  Iobb. 


40.4 

26 

40.2 

32.9 
33 
30 
35 

41. 1 

•  40-4 
20.3 

41 

58 

240 
105 


18° 


64.6 

43-5 
64.5 

'11 


I 


655 
61.7 

4.6 


633 
65 

95 

314 
172 


»5° 

500 

75° 

ioqO 

74-5 

'J5 

'59 

206 

50.9 

82 

116 

'55 

74-5 

"5 

159 

207 

63-5 

lOI 

'43 

188 

65 

104 

149 

200 

60 

98 

M2 

191 

72 

119 

^73 

235 

70.6 

116 

160 

207 

104 

140 

178 

40.8 

67 

96 

'30 

79 

125 

177 

234 

73 

"5 

163 

21.3 

70 

"3 

161 

214 

III 

^73 

244 

321 

350 

465 

565 

644 

192 

284 

360 

439 

rago 


263 
203 
264 

262 
252 
312 

264 

222 
171 

303 
275 


722 
525 


156^ 


777 
592 


3^7 
249 

3'9 

299 
322 

3' 2 

263 
211 
370 
336 


From  Johnson,  Journ.  Amer.  Chem.  See,  31,  p.  1010,  1909. 


TABLE  426.  —  HytfzOlyili  of  ^— —*■<"—  AotlAte  aad  Twi—tiiMi  if  Watar. 


Temperature. 

Percentage 
hydrolysis. 

Ionization  constant 
of  water. 

tratipn  in  pure  water. 
Equivalents  per  liter. 

t 

lOOh 

KwXio»« 

ChXio»* 

0 

18 

25 
100 

156 

218 

306 

(0.35) 
18.6 

• 

52.7 
91-5 

0.089 
046 
0.82 
48. 
223. 

4^1- 
168. 

0.30 
0.68 
0.91 
6.9 

14-9 

21.5 

13.0 

Noyes,  Kato,  Kanolt,  Sosman,  No.  63  Publ.  Carnegie  Inst.,  Washington. 
SmTNSONiAN  Tailu. 
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DIELECTRIC  STRENGTH. 
TABLE  486.  —  StMdyPvtntuaiNftaraiMlAVolUxaqiilrtdtoprodiiMaSpaxklAAirwlthBa^ 


Spark 

length. 

cm. 

^  =  0. 

Points. 

a  —  0.2s 

cm. 

^  —  0.5 

cm. 

H^i  cm. 

V?-iacm. 

J?»-  3  cm. 

^  =  00. 

Plates. 

ao2 

_ 

^ 

1560 

1530 

0.04 

- 

— 

2460 

2430 

2340 

0.06 

- 

— 

3300 

3240 

3060 

0.08 

/  ^ 

- 

4050 

3990 

3810 

O.I 

3720 

5010 
8610 

4740 

4560 

4560 

4500 

4350 

0.2 

4680 

8490 

8490 

8370 

7770 

7590 

0-3 

5310 

1 1 140 

1 1460 

1 1340 

III90 

10560 

10650 

13500 
16320 

0.4 

5970 
6300 
6840 

14040 

14310 

14340 

14250 

I3140 

0.6 

15990 

16950 

17220 

16650 

16470 

17130 
18960 

19740 

20070 

20070 

19380 

191IO 

0.8 

8070 

23790 

24780 

25830 

26220 

24960 

I.O 

8670 

20670 

26190 

27810 

29850 

32760 

30840 

'•5 

9960 

22770 

29970 

37260 

2.0 

10 1 40 

24570 

33060 

45480 

3-0 

1 1 250 

28380 

4.0 

I22IO 

29580 

5.0 

13050 

• 

Based  on  the  results  of  Bailie,  Bichat-Blondot,  Freyburg,  Liebig,  Macfarlane,  Orgler,  Paschen,  Quincke,  de  la  Rue, 
Wolff.  For  spark  lengths  from  i  to  200  wavelengths  of  sodium  light,  see  Earhart,  Phys.  Rev.  15,  p.  163;  Hobbs, 
Phil.  Mag.  10,  p.  607,  1905. 


TABUS  427.  —  AltMBttliif  Ovmnt  PotoitUlB  xaqvired  to  prodVM  a  Spuk  In  Air  with  fizlow  Ball  BI0O- 

trodM. 

The  potentials  given  are  the  maxima  of  the  alternating  waves  used.    Frequency,  33  cycles  per 

second. 


Spark  length, 
cm. 

• 

if  =  1  cm. 

^—1.93 

V?-5 

Jf-7.5 

J?— 10 

Jf-iS 

0.08 

3770 

» 

.10 

4400 

4.380 

4330 
5830 

4290 

4245 

4230 

5780 

•15 

5990 

5940 

5790 

5800 

.20 

7510 

7440 

7340 

7250 

7320 

^& 

•25 

9045 

8970 

8850 

8710 

8760 

0.30 

10480 

10400 

10270 

10130 

IO180 

IOI50 

.35 

1 1980 

1 1890 

1 1 670 

11570 

II61O 

II590 

.40 

13360 

13300 

I3IOO 

12930 

12980 

12970 

45 

14770 

14700 

14400 

14290 

H330 

14320 
15690 

•50 

1 61 40 

16070 

15890 

15640 

15690 

0.6 

18700 

18730 

18550 

18300 

18350 

18400 

•7 

21350 
23820 
26190 
28380 

21380 

21 140 

20980 

20990 

21000 

.8 
0.9 

24070 
26640 

23740 
26400 

23490 
26130 

23540 
261 10 

23550 

26090 

1.0 

29170 

28950 

28770 

28;^ 

28610 

1.2 

32400 

m^ 

33790 
38850 

3;  660 

33640 

33620 

1.4 

35850 
38750 

38850 

38580 

38620 

38580 

1.6 

43400 

43570 
48300 

43250 

43520 

1.8 

40900 

— 

47900 

2.0 

42950 

52400 

Based  upon  the  results  of  Kawalski  Phil.  Mag.  18,  p.  699,  1909. 


Smithsonian  Tables. 


354  Tables  428.  429. 

DIELECTRIC  STRENGTH. 
TABLE  498.  — Pvtntua  VeoMMiy  t«  prodVM  a  Spaxk  In  Air  tetwaoi  mora  wlUly  BuguuML 


m 

g 

1. 

Steady  potentials. 

length,  cm. 

L 

Steady  potentials. 

1- 

Ball  electrodes. 

Cup  electrodes. 

Ba]l  electrodes. 

•a 

SL 

CO 

R^t  cm. 

R—a-scm. 

Projection. 

1 

8-1 

R-'icm. 

Rsa.scm. 

Q 

4.5  mm. 

1.5  mm. 

■ 

Q 

0-3 

. 

_ 

. 

_ 

1 1 280 

6.0 

61000 

«, 

86S30 

0-5 

— 

17610 

17620 

— 

17420 

l'^ 

- 

52000 

- 

0.7 

— 

— 

23050 

— 

22950 

8.0 

67000 

52400 

90200 

1.0 

12000 

30240 

31390 
36810 

31400 

31260 

10.0 

73000 

74300 

91930 

1.2 

- 

33800 

— 

36700 

12.0 

82600 

» 

93300 

1-5 

— 

37930 

44310 

— 

44510 

14.0 

92000 

- 

94400 

2.0 

29200 

42320 

56000 
65180 

56500 

68720 

16.0 

— 

- 

94700 

2-5 

— 

45000 
40710 

— 

lOIOOO 

— 

lOlOOO 

3-0 

40000 

71200 

80400 

81 140 

20.0 

I 19000 

3-5 

— 

- 

78600 

- 

92400 

25.0 

140600 

4.0 

48500 

49100 

I 01 700 

103800 

30.0 

165700 

4.5 

— 

— 

81540 
83800 

— 

1 14600 

35-0 

190900 

5.0 

56500 

50310 

- 

126500 

• 

5-5 

« 

135700 

This  table  for  longer  spark  lengths  contains  the  results  of  Voege,  Ann.  der  Phys.  14,  1904,  uang  alternating  current 
and  "dull  point"  electrodes,  and  the  results  with  steady  potential  found  in  the  recent  very  careful  work  of  C.  Mol- 


ler,  Ann.  d.  thy.  a8,  p.  585,  1909. 


The  specially  constructed  elec> 
trodes  lor  the  columns  headed 
*'  cup  electrodes  "  had  the  form  of 
a  projecting  knob  3  cm.  in  diame- 
ter and  having  a  height  of  4.5  mm. 
and  1.5  mm.  respectively,  attached 
to  the  plane  face  of  the  electrodes. 
These  electrodes  give  a  very  satis- 
buctory  linear  relation  between  the 
spark  lengths  and  the  voltage 
tiiroughout  the  range  studied. 


L 


TABLE  i89*  -BffMt  of  tht  Pnumrt  of  tlw  Ctai  on  tke  DUlwitilo  Straglh. 
Voltages  are  given  for  different  spark  lengths  /. 


Pressure, 
cm.  Hg. 

/'0.04 

/-0.06 

/-0.08 

/"o.  10 

/"-O.SO 

/— 0  30 

/»o.40 

/■■0.50 

2 

^ 

__ 

♦ 

.. 

744 

939 

1 1 10 

1266 

4 
6 

^ 

483 
582 

s 

6^8 

795 

1015 
1290 

1350 
1740 

1645 
2140 

1915 
2505 

10 

— 

771 

933 

• 

1090 

1840 

2450 

3015 

3580 

15 

~ 

1060 

1280 

1490 

2460 

3300 
4800 

4080 

4850 

25 

1 1 10 

1420 

1725 

2040 

3500 

6000 

7120 

35 

1375 

1820 

2220 

2615 

4505 

6270 

7870 

9340 

45 

1640 

2150 

2660 

3120 

5475 

7650 

9620 

1 1420 

§5 

1820 

2420 

3025 

3610 

6375 

8950 

1 1 290 

13455 

65 

2040 

2720 

3400 

4060 

7245 
3200 

1 02 10 

12950 

15470 

75 

2255 

3035 

3805 

4565 

1 1570 

14650 

17450 

This  table  is  based  upon  the  results  of  Orgler,  1899.  ^^  this  paper  for  work  on  other  gases  (or  Landolt-B5mstetn- 
Meyerhoffer). 

Fnr  long  spark  leneths  in  various  gases  see  Voege,  Electrotecbn.  Z.  aS,  1907.  For  dielectric  strength  of  air  and  COf 
in  cylindrical  air  condensers,  see  Wien,  Ann.  d.  Phys.  39,  p.  679,  1909. 
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TABLB  4S0.  —DttlMtilo  Stmgtk  of  KatnrtalB. 
Potential  necessary  for  puncture  expressed  in  kilovolts  per  centimeter  thickness  of  the  dielectric 


Substance. 


Ebonite    .    .    . 
Empire  cloth    . 
"       paper  . 
Fibre    .... 
Fuller  board 
Glass   .... 
Granite  (fused) 
Guttapercha .    . 
Impregnated  jute 
Leatheroid    .    . 
Linen,  varnished 
Liquid  air     .    . 
Mica :  Thickm 

Madras  o.i  mm 


i( 


<( 


1.0 

Bengal    o.x 

"  I.O 

Canada  o.i 
*•         I.O 
South  America 
Micanite    .    . 


It 


M 


(I 


<i 


Kilovolts 
per  cm 


300-1100 
80-300 

450 
20 
200-300 
300-1500 

o   90 

80-200 

20 
30-60 

100-200 
40-90 

1600 

300 
2200 

700 
1500 

500 
1500 

400 


Subslance. 


Oils: 
Castor 

(4 

Cottonseed  .    . 

Lard 
«i 

Linseed,  raw 
t(         it 

boiled 

M  (4 

Lubricating .    . 

Neatsfoot 
« 

Olive 
ti 

Paraffin 


Thickness 
0.2  mm. 
1.0 


i< 


0.2 
1.0 
0.2 
1.0 
0.2 
1.0 


0.2 
1.0 
0.2 
1.0 
0.2 
1.0 

Sperm,  mineral  0.2 

1.0 
"      natural  0.2 
1.0 
0.2 

I.O 


41 


ti 


14 


Turpentine 
ft 


•t 
If 
ft 

<4 
<t 

If 


ft 
ti 
tf 
U 
14 

u 

If 
It 
<( 
It 

tf 
ft 


1% 


190 

>30 
70 

140 
40 

185 
90 

50 
200. 

90 
170 

75 

z6o 
180 

85 
195 

160 
no 


Substance. 


Papers :' 

Beeswaxed 

Blotting  . 

Manilla    . 

Paraffined 

Varnished 
Paraffine : 

Melted     .    .    . 
Melt  point. 


Solid 
ft 

ff 

tf 


43^ 

47' 

70* 


Presspaper . 
Rubber  .    .     •    . 
Vaseline.    .  *.    . 

Thickness. 
Xylol        0.2  mm. 

1.0    ** 


II 


Kilovolts 
per  cm. 


770 
150 

25 
500 

100-250 

75 

350 
400 
230 

450 

45-75 
160-500 

90-130 

140 
80 


TABUI  4S1.  — PotaHils  la  Volts  ts  Prodnot  a  Svaxk  In  Kirostnt. 


St«rk  length, 
mm* 

Electrodes  Balls  of  Diam.  d. 

0.5  cm. 

I  cm. 

2  cm. 

3  cm. 

0.1 
.2 

.3 
.4 

i 

.8 
1.0 

3800 
7500 
10250 
1 1750 
13050 
14000 
15500 
16750 

3400 
6450 

9450 
10750 
12400 

13550 
15100 

16400 

2750 
4800 

7450 
9100 

If  000 

12250 

13850 
15250 

2200 

3500 
4600 
5600 
6900 
8250 
10450 
12350 

Determinations  of  the  dielectric  strength  of  the  same  substance  by  different  observers  do  not  agree  well  For  a  dis- 
cussion of  the  sources  of  error  see  Mo^cki,  Electrotechn.  Z.  35,  1904. 

For  more  detailed  information  on  the  dependence  d  the  sparking  distance  in  oils  as  a  function  of  the  nature  of  the 
electrodes,  see  Edmondson,  Phys.  Review  6»  p.  65,  1898. 
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DIELECTRIC  CONSTANTS. 

TABLB  4S8.  —  DttlMMo  Oonstant  (Speotfle  biAvsttTt  Oipultf)  Of  StMIt 

AtBOfylMilo  Pmsim. 

Wave-lengths  of  the  measuring  current  greater  than  loooo  cm. 


Gas. 


Air 


t< 


Ammonia 


Carbon  dioxide 
ft  (I 


Ethylene 


Hydrochloric  acid 
Hydrogen     .    .    . 


Methane 
It 


ti 


i* 


Sulphur  dioxide    .    .    . 
«t  «« 


Carbon  bisulphide     .    .    . 
tt  (( 


•    •    • 


•    •    • 


Carbon  monoxide .... 
tt  tt 


Nitrous  oxide  (NsO)      .    . 


•         •         • 


Water  vapor,  4  atmospheres 


Temp, 


Dielectric  constant 
referred  to 


Vacttam»  i 


Air=i 


Aathority. 


0 

1.000590 
1.000586 

1. 000000 
1. 000000 

20 

I.007I8 

1.00659 

0 

100 

1.00290 
1.00239 

1.0027 1 

I.OOI80 

0 
0 

1.000946 
1.000985 

1.000356 

1.000399 

0 

0 

1.000690 
1.000695 

X.OOOIOO 

1.000x09 

0 
0 

I.00I3I 
I.OOI46 

1.00072 
1.00087 

100 

X. 002  58 

I.OOI99 

0 
0 

1.000264 
1.000264 

0.999674 
0.999678 

0 

0 

1.000944 
1.000953 

1.000354 
1.000367 

0 
0 

I.00II6 

1.00099 

1.00057 
1. 00041 

0 
0 

1.00993 
1.00905 

1.00934 

1.00846 

HS 

1.00705 

1.00646 

Boltzmann,  1875. 
KlemenCie,  1885. 

Badeker,  1901. 

KlemenCiC. 
Badeker. 

Boltzmann. 
KlemenCiC 

Boltzmann. 
KlemenCiC. 

Boltzmann. 
KlemenCif. 

Badeker. 

Boltzmann. 
KlemenCiC. 

Boltzmann. 
KlemenCiC* 

Boltzmann. 
KlemenCiC. 

Badeker. 
KlemenCiC. 

Badeker. 


TABLB  488.  —  ViHatton  of  tlis  DUlMtiio  Oonituit  with  tlis  Tsmpentu*. 

For  variation  with  the  pressure  see  next  table. 

If  D^  =  the  dielectric  constant  at  the  temperature  fP  C,  Dt  at  the  tempenu 
ture  /°  C,  and  a  and  /9  are  quantities  given  in  the  following  table,  then 

D9  =  /?/  [i  —  a(/— e)  -f  i3(/— tf)2]. 

The  temperature  coefficients  are  due  to  Badeker. 


Gaa. 

a 

^ 

Range  of 
temp.  0  C. 

Ammonia  .  . 

5.45  X  IO-* 

2.59  XXO-' 

10 —  110 

Sulphur  dioxide 

6.19  X  10"* 

1.86  X  io"7 

0 —  IIO 

Water  vapor 

1.4X10-* 

- 

H5 

The  dielectric  constant  of  air  at  atmospheric  pressure  but  with  varying  tem« 
perature  may  also  be  calculated  from  the  tact  that  D  —  i  is  approximately  pro* 
portional  to  the  density. 
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TABLB  434.  — Okanc*  of  th%  Dl«lMtilo  OonstaBt  of  OaiM  with  flw  ProMiixt, 
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Gas. 

Tempep- 
ature,®  C. 

Pressure 
atnios. 

Dielectric 

constant. 

Authority. 

Air 

19 

20 

I.OI08 

Tangl,  1907. 

40 

1.02 18 

i«                     4* 

- 

60 

1-0330 

14                    41 

- 

80 

1.0439 

41                   44 

" 

- 

100 

1.0548 

<4                    4i 

II 

20 

I.OIOI 

Occhialini,  1905. 

— 

40 

1. 0196 

44             44 

,          — 

60 

1.0294 

44             44 

- 

80 

1.0387 

■      <4                              44 

- 

100 

1.0482 

44                             44 

- 

120 

1.0579 
1.0674 

44                              44 

- 

140 

«<                           44 

- 

160 

1.0760 

«4                           U 

t< 

- 

180 

1.0845 

it                           44 

Carbon  dioxide  .    . 

15 

10 

1.008 

Linde,  1895. 

14                           it 

.          t 

20 

1.020 

44        44 

41                           »t 

■                   t 

— 

40 

1.060 

44                 <4 

Nitrous  oxide,  NaO 

•s 

10 

1. 010 

It 

t<                         44                    41 

20 

1.025 

<« 

M                         14                    44 

" 

40 

1.070 

*< 

TABLB  48ft.  —  DltlMtrlo  Oonftuitt  of  LUvid** 

A  wave-length  greater  than  loooo  centimeters  is  denoted  by  oo . 


Substance. 

Temp. 
0  C. 

Wave- 
length, 
on. 

1 

Dielectric ' 
constant. 

Author- 
ity. 

Substance. 

Temp. 

Wave- 
length, 
cm. 

Dielectric 
constant. 

Author- 
ity. 

Alcohol : 

Alcohol  : 

Amvl 

•        •         ■ 

•    frozen 

00 

2.4 

I 

Methyl      .     . 

-50 

00 

45-3 

I 

" 

— 100 

4( 

30.1 

I 

44 

0 

44 

35-0 

I 

(4 

-50 

44 

23.0 

I 

44 

+  20 

4< 

31-2 

I 

44 

0 

|4 

17.4 

I 

"    .    . 

17 

75 

33-2 

2 

44 

+  20 

44 

16.0 

I 

Propyl 

1   — 120 

00 

46.2 

I 

44 

18 

20P 

10.8 

2 

4i 

1      -60 

44 

33-7 

I 

44' 

18 

73 

4-7 

2 

44 

0 

44 

24.8 

I 

Ethyl 

,    frozen 

00 

2.7 

I 

44 

+  20 

44 

22.2 

I 

(4 

— 120 

»4      • 

54.6 

I 

44 

'5 

75 

"•3 

33.8 

2 

44 

-80 

(4 

44.3 

I 

Acetone  . 

-80 

00 

5 

-   44 

—40 

44 

35-3 

I 

4( 

0 

44 

26.6 

i 

<4 

0 

•• 

28.;^ 

I 

44 

15 

1200 

21.85 

«4 

+20 

44 

25.8 

I 

44 

17 

73 

20.7 

I 

44 

17 

200 

24.4 

2 

Acetic  acid 

18 

00 

97 

44 

44 

75 

230 

2 

44                    44 

1                                                     ' 

15 

1200 

10.3 

6 

<( 

44 

53 

20.6 

3 

1                4(                    44 

1                                                     ' 

17 

200 

7.07 

2 

14 

(4 

1 
i 

4 

8.8 

3 

4«                    44 

19 

75 

6.29 

2 

4i 

44 

0.4 

5-0 

4 

Amyl  acetate    . 

19 

00 

4.81 

9 

Methyl     . 

frozen 

00 

3.07 

I 

Amylene      .     . 

16 

44 

2.20 

10 

44 

•         « 

— 100 

4« 

58.0 

I 

1 

References  on  page  358. 
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Table  436  {continued). 
DIELECTRIC  CONSTANTS  OF  LIQUIDS. 

A  wave-length  greater  than  loooo  centimeters  is  designated  by  oo 


Sabfttaoce. 

Temp. 

Wave- 
length 

Diel. 
const. 

3. IS 

Substance 

• 

Temp, 
oc. 

Wave- 
length 

Diel. 
const. 

uthor- 
Ity. 

cm. 

< 

1 

cm. 

<      1 

• 

■ 

■  (frozen) 

Anilin 

18 

00 

7.316 

II 

Nitrobenzol . 

— 10 

00 

9-9 

I 

Benzol  (benzene)  . 

18 

»t 

2.288 

fl 

ft 

—5 

ft 

42.0 

M      ' 

ft              (t 

>9 

Z3 

2.26 

2 

tf 

0 

ft 

41.0 

M 

Bromine  .     .    .    . 

23 

84 

3.18 

12 

ft 

• 

+  »5 

M 

37.8 

M 

Carbon  bisulphide 

20 

00 

2.626 

13 

ft 

30 

H 

36-45' 

a* 

<«            « 

17 

73 

2.64 

2 

ft 

18 

ft 

II 

Chloroform  .    .    . 

18 

00 

5-2 

II 

ft 

17 

73 

34-0 

"9      ', 
•■      1 

« 

17. 

n 

4.95 

2 

Octane     .    . 

17 

00 

1.949 

16 

Decane    .    .    .    . 

14 

00 

1.97 

10 

Oils  : 

1 

Decylene     .    .    . 

17 

ft 

2.24 

ft 

Almond 

20 

00 

2.83 

iS 

Ethyl  ether       .     . 

.-80 

00 

7.05 

5 

Castor  .    . 

II 

t4 

4.67 

19 

**        •*      . 

-40 

tf 

5-67 

t< 

Colza    .     . 

20 

tt 

3-" 

20 

u            « 

0 

ft 

4.68 

ft 

Cottonseed    .    . 

14 

ft 

3.10 

21 

M               l< 

18 

ft 

4.368 

II 

Lemon  .    . 

21 

If 

2.25 

22 

t(               « 

20 

ft 

4-30 

13 

Linseed 

■          • 

13 

ft 

3-35 

21 

(f               tl 

60 

ft 

30s 

(t 

Neatsfoot . 

tf 

3.02 

20 

"               **           . 

100 

ft 

3.12 

ft 

Olive    .    . 

20 

tf 

3" 

23 

«l               « 

140 

ft 

2.66 

tf 

Peanut .    . 

1 1.4 

ft 

3-03 

21 

**               '* 

180 

t< 

2.12 

tf 

Petroleum 

— 

'2000 

2'3 

24  t 

Crit. 

Petroleum  ether 

20 

00 

1.92 

20 

M               M 

temp. 

tf 

T      f  'V 

ft 

Rape  seed 

16 

if 

2.85 

21 

U                ft 

Formic  acid      .    . 

192 
18 

+  2 
(frozen) 

\l 

15 

83 
73 

1-53 

4-35 
19.0 

14 

2 

Sesame 
Sperm  .    . 
Turpentine 

13-4 
20 

.    20 

ft 

3.02 

317 
2.23 

20 

ft        ft 
ft        ft 

Glycerine     .    .    . 
ft 

•         •        ■         • 

1200 

73 
1200 

200 

62.0 
58.5 
56.2 

39-1 

6 

2 
6 

2 

Vaseline    . 
Phenol      .    . 

Toluol      .     . 

tt 

>    . 

Ma 

48 

—83 
+16 

** 

73 
00 
ft 

2.17 
9.68 
2.51 

2-33 

25 

2 

5  ■ 

ft 
tt 

IS 

0.4 

%9  ^ 

25.4 
4.4 
2.6 

4 

Meta-xylol    . 
tf        ^% 

19 
J7 

73 

00 

73 

2.31 

2-37« 
2.37 

2 
II  ! 

2 

Hexane    .     .    .     . 

Hydrogen  perox-  \ 

ide  46  %  in  H2O  \ 

17. 
18 

/^s 

1.880 
84.7 

16 
17 

00 

75 

Water      . 
for  temp,  c 

oeif. 

18 
17 

00 
200 

81.07 
8a6 

II 

2 

see  Table 

344- 

17 

74 

81.7 

•f 

17 

38 

83.6 

a 

1  Abegg-Seitz,  \% 

2  Drude,  1806. 

3  Marx,  1898. 

^. 

10  Landolt- 

Jahn, 

1892. 

18  Hasenohr 

1,1896. 

II  Turner,  ] 

[900. 

19^  Arons-Ru 

bens,  1892. 

12  Schlundt 

• 

26*  Hopkinso 

n,  1881. 

4  Lampa,  1896. 

13  Tanffl,  IS 

14  Coolidge 

K>3- 

21  Salvioni,  1 

888. 

1 

5  Abegg.  1897. 

6  Thwing,  1804. 

7  Drude,  1898. 

»i89^ 

"h 

22  Tomasze¥ 

^ski,  1888. 

15  V.  Lang, 

1896. 

23  Heinke,  i< 

S96. 

16  Nemst,  I 

894. 

24  Marx. 

8  Francke,  1893. 

17  Calvert, 

1900. 

25  Fuchs. 

9  Lowe,  1898. 

i 
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Substance. 


Ainyl  acetate .  . 
Aniline  .... 
Benzol  .... 
Carbon  bisulphide 


li 


ti 


Chloroform  . 
Ethyl  ether  . 
Methyl  alcohol 
Oils:  Almond 

Castor  . 

Olive    . 

Paraffine 
Toluol 


ti 


Water 


t« 
I* 


Meta-xylol 


0.0024 

0.00351 

0.00106 

0.000966 

0.000922 

0.00410 

0.00459 

0.0057 

0.00163 

0.01067 

0.00364 

0.000738 

0.000921 

0.000977 

0.004474 

0.004583 

0.004^6 

0.000817 


^ 


0.0000087 

0.00000060 
0.000015 


0.000026 

0.0000072 
0.00000046 
0.00001 1 7 


Temp, 
range,  o  C. 


10-40 

20-181 
22-181 


O-IjJ 

20-181 

5-20 

0-76 

4-25 
20-181 


Authority. 


Lowe. 

Ratz. 

Hasendhrl. 

Ratz. 

Tangl. 

Ratz. 
Drude. 
Hasenohrl. 
Heinke,  1896. 

Hasenohrl. 

Ratz. 

Tangl. 

Heerwagen. 

Drude. 

Coolidge. 

Tangl. 


(See  Table  4^3  for  the  signification  of  the  letters.) 


TABLE  487. — ^Dleleotrio  Constants  of  Idquelled  (Hses. 
A  wave-length  greater  than  loooo  centimeters  is  designated  by  00. 


Subttance. 

Temp. 

4 

00 

Dial, 
constant. 

•-<          Authority. 

Substance. 

Temix 

Wave- 
length cm^ 

Dial 
constant. 

• 

Air    ....     ". 

—191 

1.43a 

Nitrous  oxide 

«( 

it 

75 

1. 47- 1. 50 

2 

N2O 

—88 

00 

i.93» 

8 

Ammonia .    .    . 

—34 

75 

21-23 

3 

it           it 

—5 

41 

1.630 

i 

14 

130 

16.2 

4 

ti                   A 

+5 

ii 

1-578 

Carbon  dioxide  . 

—5 

00 

I.6O8 

5 

ii                    ti 

±JI. 

ii 

1.520 

it 

M                           t( 

0 

ti 

1.588 

41 

Oxygen      .    .    . 

ii 

1.491 

9 

"                           " 

+  10 

ti 

1.540 

ii 

It 

•         •         • 

It 

ii 

1.465 

§ 

(4                          4< 

+  '5 

ii 

1.526 

ii 

Sulphur  dioxide. 

M.5 

120 

13.75 

4 

Chlorine    .    .    . 

—60 

li 

2.150 

ii 

u                  u 

20 

00 

14.0 

6 

•         •        • 

—20 

u 

2.030 

(i 

ii                 li 

40 

II 

"•5 
10.8 

ti 

•                •                 • 

0 

ii 

1.970 

M 

ii                 ii 

60 

1     ii 

it 

•                •                 « 

+  10 

ii 

1.940 

<i 

44                            14 

80 

ti 

9.2 

It 

M 

... 

0 

II 

2.08 

6 

44                          44 

100 

ii 

7.8 

ti 

•                  «                   • 

+14 

100 

■     1.88 

4 

44                          4f 

120 

a 

6.4 

it 

Cyanogen .    .    . 
Hydrocyanic  acid 

23 

84 

2.52 

7 

44                           41 

140 

ii 

4.8 

it 

21 

It 

about  95 

ii 

Critical.    .    .    . 

154.2 

II 

2.1 

it 

Hydrogen  sulph. 

10 

00 

5-93 

6 

«(                          u 

50 

M 

4-92 

ii 

U                           (1 

90 

l< 

376 

14 

I  ▼.  Pirani,  1^3. 

4< 

[Coolidge,  1899.               \ 
Linde,  1895.                     S 

r  Schlundt.  I 

901. 

2  Bahn-Kiebitz,  1904. 

9.        6 : 

;  Hasenohrl, 

1900. 

3  Goodwin-Thompson,  189 

iLversheim,  1904.            9 

1  Fleming-Dc 

swar,  1896. 

• 
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TABLB  4S8.  ^BtuitfavA MlvtiaiB tor  flw  Otlilmtlaii of  Avpantni for  tlw Ktuuliff  of  DialMtilo 


Turner. 

Drude. 

Nemst. 

Substance. 

Diel.  const, 
at  18^. 

Acetone  in  benzol  at  19^.    A  »  75  cm. 

Ethyl  alcoiiol  in 

water  at  19.5^. 

A-w. 

A=  00. 

Per  cent    ri-^.;*,  .ao      Dielectric 

Temp. 

Benzol 2.288 

byweight.1  I>en«ty«6° 

constant.  1  coefficient. 

1 

Percent  -Dielectric 

Meta -xylol     .... 
Ethyl  ether   .... 

Aniline 

Eth^l  chloride  .     .     . 
O-nitro  toluol    .    .    . 
Nitrobenzol  .... 
Water  (conduct  icr^) 

1       2.376 

4.35 
7.299 

10.90 

27.71 

3645 
81.07 

0 
20 
40 
60 
80 
100 

0.885 
0.866 
0.847 
0.830 
0.813 
0.797 

2.26 

C.IO 

8.43 
I2.I 

16.2 

20.5 

0.1% 
03 

a4 
0.5 

0.6 

by  weight. 

100 

29.3 

43-1 

Water  in  acetone  at  19°.    A  »  75  cm. 

1 

0 
20 

n 

80 
100 

0.797 
0.856 
0.903 
0.940 

o.97i 
0.999 

20.5 
31.5 

43-5 
57.0 

70.6 

80.9 

0.6% 

05 
0.5 

0.5 

0.5 

0.4 

VABLB  iS9.  —DlilMtilo  OoBrtuitt  of  SolUs. 

Substance. 

Condi- 
tion. 

Wave- 
length, 
cm. 

Dielectric 
constant.   | 

1 

< 
I 

Substance. 

Condi- 
tion. 

Wave-  ! 
lengdi, 
cm. 

Dielectric 

1 

i. 
0  . 

< 

1 
1 

Asphalt     .     . 

_ 

00 

2.68 

Temp. 

Barium      sul- 

Iodine (cryst.)  . 

23 

75 

4XX) 

2 

phate      .    . 

.. 

75 

10.2 

2 

Lead  chloride  . 

Caoutchouc   . 

— 

00 

2.22 

3 

(powder) 

— 

t( 

42 

2 

Diamond   .    . 

— 

(( 

16.5 

I 

"     nitrate 

_ 

M 

16 

2 

•         t 

75 

5.50 

2 

**     sulphate  . 

- 

«< 

28 

2 

Ebonite     .    . 

- 

00 

2.72 

4  ' 

"     molybde- 

• 

— 

<i 

2.86         5  il 

nate  .    . 

l\ 

24 

2 

.          a 

— 

1000 

2-55 

6 

Marble 

Glass* 

Density. 

' 

(Carrara) 

— 

« 

8-3 

2 

Flint  (extra 

1 

1 

Mica   .... 

— 

00 

5.66-5.97 
5.80-6.62 

5 

heavy) 

4-5 

i    « 

9.90 

7 

.... 

— 

It 

;i 

Flint    (very 

Madras,  brown 

— 

41 

2.5-3.4 

light)  .     . 

2.87 

« 

6.61 

7 

"        green 

- 

«l 

3.9-5-5 

16 

Hard  crown 

2.48 

u 

1 

6.96     '    7  , 

ruby  . 

— 

<t 

i       4.4 

16 

Mirror    .    . 

- 

'      •« 

6.44-746 ,    5 

Bengal,  yellow 

— 

" 

2.8 

16 

— 

4( 

5-37-5-90.    8 

I          "       white  . 

- 

1 

4.2 

16 

• 

600 

5.42-6.20 

8 

"       ruby    . 

- 

M 

4.2-4.7 

16 

Lead  (Pow- 

1   Canadian    am- 

ell).    .    . 

3.0-3-5 

00 

5.4-8.0   ,    9 

ber  .... 

- 

« 

3-0 

16 

Jena 

South  America 

— 

*« 

5.9 

16 

Boron 

- 

'      t< 

5.5-8.1       10 
7.8-8.5      10 

Ozokerite  (raw) 

— 

« 

2.21 

I 

Barium    . 

- 

i( 

Paper         (tele- 

, 

Borosili- 

1 

1 

phone) 

- 

U 

2.0 

17 

cate 

- 

(1 

'   6.4-77        I 

"      (cable)    . 

— 

U 

2.0-2.5 

I  , 

Gutta  percha . 

- 

— 

3-3-4.9   1  "  . 

Paraffine .     .    . 

Melting 

« 

2.46 

18 : 

Temp. 

1 

I* 

•          a          • 

point. 

«( 

2.32 

»9  1 

Ice    ...    . 

-A 

1200 

2.85       i    12 

•         •          • 

44-46 

I       *< 

2.10 

20 

u 

.... 

5000 

1      3'S 

13 

"     .  .  . 

54-56 

1      <I 

1 

2,14 

1  20 

(i 

.         .         •          . 

—190 

,  " 

1. 76-1. 88 

14 

•         •          • 

74-76 

«( 

1 

1      2.16 

1 

20 

References  on  p.  361. 

*  For  the  effect  of  temperature,  see  Gray-Dobbie,  Pr.  Roy.  Soc.  63, 1898;  67,  1900. 
««     u      „     i.  ^ve-length,  tee  K.  F.  Ldwe,  Wied.  Ann.  66,  1898. 
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Substance. 

Condi- 
tion. 

Wave- 
length, 
cm. 

Diel. 
constant 

i    1 
21 

Substance. 

Condi- 
tion. 

Wave- 
length, 
cm. 

Diel. 
constant. 

Author-  1 
ity.      j 

Paraffine    .    . 

47.°6 

61 

2.16 

Sulphur 

56.^2 

61 

2.25 

21 

Amorphous 

— 

00 

3.98 

I 

Phosphorus : 

«( 

- 

75 

3.80 

2 

Yellow    .     . 

— 

75 

3.60 

2  : 

Cast,  fresh 

— 

00 

4.22 

I 

Solid  .    .     . 

— 

80 

4.1 

22 

ti                   <4 

— 

it 

4-05 

18 

Liquid     .    . 

- 

80 

3.85 

22 

t(                  4< 

- 

75 

3.95 

2 

Porcelain : 

I    Cast,  old    . 

— 

00 

3.60 

18 

Hard 

U               <( 

— 

75 

390 

2 

(Royal  B»rn) 

- 

00 

5-73 

15 

( 

near 

Seger   **  "     . 

- 

a 

6.61 

15 

Liquid     .  < 

melting- 

i  ^ 

342 

I 

Figure"  "     . 

— 

(( 

6.84 

15 

( 

point 

) 

Selenium  .     . 

- 

(t 

7-44 

I 

'.  Strontium 

- 

75 

6.60 

2 

sulphate 

- 

75 

"•3 

2 

(1 

- 

00 

6.13 

23 

Thallium 

— 

1000 

6.14 

23 

carbonate 

** 

75 

16.5 

2 

Shellac .    .    . 

- 

00 

3.10 

4 

"  nitrate     . 

- 

75 

2 

ti 

... 

— 

u 

2-95-3-73 

24 

Wood 

dried 

•    •    . 

— 

(« 

3-67 

25 

Red  beech  . 

u           n 

• 

1  fibres 
0-    « 

00 

4.83-2.51 

7-73-3-^3 
4.22-2.46 

^ 

Oak  .    .    . 

1      " 

M 

— 

4i 

•             a            • 
1 

-L    " 

<t 

6.84-3.64 

— 

1  V.  Pirani,  1903. 

10  Lowe,  1898. 

18  Fallinger, 

1902. 

2  Schmidt,  1903. 

II  (submarine-data). 

19  Boltzmann,  1875. 

3  Gordon,  1879. 

12  Thwing,  1894. 

20  Zietkowski,  1900. 

4  Winklemann,  1889 

. 

13  Abegg,  1897. 

21  Hormell, 

1902. 

5  Elsas,  1891. 

6  Ferry,  1897. 

7  Hopkinson,  1891. 

14  Behn-Kiebitz,  1904. 

22  Schlundt, 

1004. 

15  Starke,  1897. 

23  Vonwiller-Mason,  1907.     | 

16  E.  Wilson. 

24  Wiillner, 

1887. 

8  Arons-Rubens,  189 

II. 

17  Campbell,  1906. 

25  Donle. 

9  Gray-Dobbie,  1898. 

TABLE  440.  —DltlMtilo  Oonftuitt  of  Oryitals. 
D  a,  D/3,  D7  are  the  dielectric  constants  along  the  brachy,  macro  and  vertical  axes  respectively. 


Substance. 


Uniaxial: 
Apatite 
Beryl   .     . 


M 


Calcspar  . 
t< 

a 

Dolomite . 
Iceland  spar 
Quartz 


K 
ti 
U 


Rutil  (TiOa) 

Tourmaline 
If 

Zircon .    . 


Wave- 
length, 
cm. 


75 
00 
<i 

75 

00 
(t 

75 

75 

00 

ti 

1000 

75 

75 

00 

75 
75 


Diel.  const.    I  o 


Axis. 


9 


II 


0 

5 
7.10 

6.05 

8.49 

8.78 

7.80 


4.38 
4.27 

432 
89 

6.7 
12 


i 


^>' 


Axis. 


7.40 

7-44 
6.05 

5-52 
7.56 

8.29 

6.80 

8.00 

5.06 

4.46 

4-34 
4.60 

6.54 
5.65 

12.6 


1  Schmidt,  1903. 

2  Starke,  1897. 

3  Curie,  1889. 


I 


I 

2 

3 
I 

4 

5 
I 

I 

4 
6 
6 
I 
I 

4 
I 

I 


Substance. 


Rhombic  : 
Arragonite 


« 


Barite 


t( 


Coelestin  .    . 
Cerussite 
MgS04  +  7H20 
K2SO4     .    . 
Rochelle  salt 
Sulphur  .     . 


14 


Topaz 


4  Fallinger,  1902. 
V.  Pirani,  1903. 
Ferry,  1897. 


Wave- 
length, 
cm. 


00 

75 
00 

75 

75 

75 
00 
t( 

44 

44 
4< 

75 
75 


Diel.  const. 


Da 


9.14 
9.80 
6.97 
7.65 
7.70 

254 
5.26 

6.09 

6.70 

j  3-8i 

!  365 

3.62 
6.65 


DP 


7.68 
10.09 
12.20 
18.5 
23.2 
6.05 
5.08 
0.92 

3-97 

3.85 
1.85 

).70 


Dy 


6.55 
7.00 
7.70 
8.30 
19.2 
8.28 
4,48 
8.89 

4.77 
4.66 

4.66 
6.39 


7  Borel,  1893. 

8  Boltzmann,  1875. 


i. 

< 


4 
I 

4 
I 

I 

I 

7 

7 

7 
8 

7 
I 

I 
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Table  441. 

WIRELESS  TELEGRAPHY. 

WftTt-Ltngth  iB  Mtttn,  FnqiiMioy  la  periods  pw  Moond,  and  OioillatlaB  Otnutuit  LO  in 

KioroliaiiriM  and  MiorataxAdB. 


Meten. 

n 

LC 

Meters. 

n 

LC 

Meters. 

n 

LC 

100 

3,000,000 

0.00282 

600 

500,000 

0.101 

IIOO 

272,700 

0.341 

IIO 

2,727,000 

0.00341 

610 

491,800 

0.105 
0.108 

mo 

270,300 

0.347 

120 

2,500,000 

0.00405 
0.00476 

620 

485,500 
476,200 

1120 

267,900 

0-353 

130 

2,308,000 

630 

O.I  1 1 

1130 

265,500 

0.359 

140 

2,143,000 

0.00552 
0.006:3 

640 

468,700 

0.II5 

1140 

263,100 

0.366 

X 

2,000,000 

650 

461,500 

O.I  19 

1150 

IIOO 

260,900 

0.372    ; 

1.875,000 

0.00721 

660 

454.500 
447,800 

0.123 

0.120 

258,600 

0.379 

170 

1,765,000 

0.00813 

670 

1 170 

256,400 

0.38s 

180 

1,667,000 

0.00912 

680 

441,200 

0.130 

1180 

254,200 

0.392 

190 

1,579,000 

O.OIO16 

1 

690 

434.800 

0.134 

1 190 

252,100 

0.399 

1 

200 

1,500,000 

0.01 13 

700 

428,600 

0.138 

1200 

250,000 

0.405 

210 

1,429,000 

0.0124 

710 

422,500 

0.142 

1210 

247,900 

0412 

220 

1,364,000 

0.0136 

720 

416,700 

0.146 

1220 

245,900 

0.419 

230 

1,304,000 

0.0149 

730 

411,000 

0.150 

1230 

243,900 

0.426 

240 

1,250,000 

0.0162 

740 

405,400 

0.154 

1240 

241,900 

0.433 

2  CO 
200 

1,200,000 

0.0176     1 

760 

400,000 

0.158 
0.163 

1250 
1200 

240^000 

0440 

1,154,000 

0.0190     j 

394.700 

238,100 

0.447 

!    270 

1,111,000 

0.0205 

770 

389,600 

0.167 

1270 

236,200 

0454 
0.461 

280 

1,071,000 

0.0221      1 

780 

384,600 

0.I7I 

1280 

234,400 

290 

1,034,000 

0.0237 

790 

379.800 

0.176 

1290 

232,600 

0.468 

300 

1,000,000 

0.0253 

800 

375.000 

0.180 

1300 

230,800 

0.476 

310 

967,700 

0.0270 

810 

370,400 

0.185 

1310 

229,000 

0483 

320 

937.500 

0.0288 

820 

365.900 

0.189 

1320 

227,300 
225,000 

0490 

330 

909,100 
882,400 

0.0307 

830 

361,400 

0.194 

1330 

0498    1 

340 

0.0326     1 

840 

357,100 

0.199 

1340 

223,900 

0-505 

iS 

859,100 

533.300 
810,800 

0.0345     \ 
0.0365 

850 
860 

35i»200 
348300 

0.203 
0.20S 

1350 
1360 

222,200 
220,600 

0-513 
0.521 

370 

0.0385 

0.0400 

870 

344,800 

0.2 1 J 
0.218 

1370 

218,900 

OL529 

380 

789,500 

8$o 

340,900 

1380 

217,400 

0.536 

390 

769,200 

0.0428 

890 

337,100 

0.223 

1390 

215,800 

0.544 

400 

750,000 

0.0450 

900 

333.300 

0.228 

1400 

214,300 
212,800 

0.552 

410 

73^700 

0.0473 

ao496 

910 

329.700 

0.23J 
0.238 

1410 

0.559 
0.5^ 

420 

714.300 

920 

326.100 

1420 

211,300 
209,000 
208,300 

i     430 

697,700 

0.0520 

930 

322,600 

0.243 

1430 

0.576 

440 

681,800 

0.0545 

940 

319,100 

0.249 

1440 

0.584 

t^ 

666,700 

0.0570 

950 

315.900 

0.254 

1450 
1460 

206,900 

o.Ooo 

652,200 

0.0596 
0.0022 

960 

312,500 

0.259 

0.265 

205,500 

470 

638,300 

970 

309.300 

1470 

204,100 

0.60S 

480 

625,000 

0.0649 

980 

306,100 

.  0.270 

1480 

202,700 

a6i7 

490 

612,200 

0.0676 

990 

303,000 

0.276 

1490 

201,300 

0.625 

500 

600,000 

0.0704 

1000 

300,000 

0.281 

1500 

200,000 

0.633 

510 

588,200 

0.0732 
0.0761 

lOIO 

297,000 

0.287 

1 510 

198,700 

0.642 

;    520 

576,900 

1020 

294,100 

0.293 

1520 

197,400 

0.650 

530 

566,000 

0.0791 

1030 

291,300 

0.299 

1530 

196,100 

^^ 

540 

555.600 

0.0821 

1040 

288,400 

0.305 

1540 

194300 

?^ 

545.500 
535.700 
520,300 

ao85i 
0.0883 

1050 

1000 

285,700 
283,600 

0.310 

0.316 

1550 
1560 

193,600 
192,300 

a676 
0.685 

S70 

0.0915 

1070 

280,400 

0.322 

1570 

IQI,IOO 

01694 

580 

517,200 

0.0947 

1080 

277,800 

0.328   1 

1580 

189,900 

0.703 

iyo 

508,500 

0.0981 

1090 

1 

275.200 

0.335 

1590 

188,700 

0.712 

Prepared  by  Greenleaf  W.  Picard;  copyright  by  Wireless  Specialty  Apparatus  Company,  New  York.   Computed  an 
basis  of  300,000  kilometers  per  second  for  the  velocity  of  propagation  of  electromagnetic  waves. 
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Meters. 

D 

LC 

Meters. 

n 

LC 

Meters. 

n 

LC 

1600 

187,500 

0.721 

2000 

150,000 

113 

6000 

50,000 

lO.I 

1610 

186,300 

0.730 

2100 

142,900 

1.24 

6100 

49,180 

10.5 
10.8 

1620 

185,200 

0.739 

2200 

136,400 

1.36 

6200 

48,550 
47,620 

1630 

184,100 

0.748 

2300 

130,400 

1.49 

6300 

11. 1 

1640 

182,000 
181,800 
180,700 

0.766 
0.776 

2400 

125,000 

1.62 

6400 

46,870 

11.5 

1650 
1660 

2500 
2000 

120,000 
115,400 

1.76 
1.90 

6500 
6600 

46,150 

45»4SO 
44,780 

11.9 
12.3 
12.0 

1670 

179,600 

0.785 

2700 

111,100 

2.05 

6700 

1680 

178,600 

0.794 

2800 

107,100 

2.21 

6800 

44,120 

13.0 

1690 

177,500 

0.804 

2900 

103,400 

2.37 

6900 

43480 

13-4 

1700 

176,500 

0813 

3000 

100,000 

2.53 

7000 

42,860 

r  138 

1710 

175*400 

0.823 

3100 

96,770 

2.70 

7100 

42,250 

14.2 

1720 

174.400 

0.833 

3200 

93,750 

2.88 

7200 

41,670 

14.6 

1730 

173.400 

0.842 

3300 

90,910 

3.07  1 

7300 

41,100 

15.0 

1740 

172,400 

0.852 
0.862 

3400 

88,240 

3.26 

7400 

40,540 

15.4 

1750 
1760 

171,400 

3500 

85,910 

3.45 

7500 
7600 

40,000 

15.8 

170,500 

0.872 

3600 

i3»330 
81,080 

3.65 

39,470 
38,960 

16.3 

1770 

169,400 

0.882 

3700 

3.85 
4.06 

7700 

16.7 

1780 

168,500 
167,000 

OJ$92 

3800 

78,950 

7800 

38,460 

17.1 

1790 

0.902 

3900 

76^920 

4.28 

7900 

37,980 

17.6 

■     1800 

166,700 

0.912 

4000 

75,000 

4-50 

8000 

37,500 

18.0 

1810 

165,700 

0.923 

4100 

73,170 

4-73 
4.96 

8100 

37,040 

18.5 

1820 

164,800 

0.933 

4200 

7  ",430 

8200 

36.590 

18.9 

1830 

163,900 

0.943 

4300 

69,770 

5.20 

8300 

36,140 

19.4 

1840 

163.000 

0.953 

4400 

68,180 

5-45 

8400 

35,710 

19.9 

1850 
i860 

162,200 
161,300 

0.903 

0.974 

4500 
4600 

66,670 
65,220 

5.96 
6.22 

1  8500 
8600 

35*290 
34,880 

20.3 
20.8 

1870 

160,400 

0.985 

4700 

63,830 

8700 

34,480 

21.3 
21.8 

1880 

150,600 

0.995 

1.006 

4800 

62,500 

6.49 

8800 

34,090 

1890 

158,700 

4900 

61,220 

6.76 

8900 

33.710 

22.3 

1900 

157,900 

I.OI6 

5000 

60,000 

7.04 

9000 

33»330 

22.8 

1910 

157,100 

1.026 

5100 

58,820 

7.32 

9100 

32,970 

23.3 

1920 

156,300 

1.037 

5200 

57,690 

7.61 

9200 

32,610 

23.8 

1930 

155400 

1.048 

5300 

56,600 

7.91 

9300 

32,260 

24.3 

1940 

154,600 

1.059 

5400 

55,560 

8.21 

9400 

31,910 

24.9 

1950 
'  i960 

153,800 
153.100 

1.070 
1.081 

5500 
5600 

54.550 
53.570 
52,630 

8.51 
8.83 

9500 
9600 

3i»590 
31.250 

254 
25.9 

26.5 

1970 

152,300 

1.092 

5700 

9.15 

9700 

30.930 

1980 

151.500 
150,800 

1. 103 

5800 

51,720 

9-47 

9800 

30,610 

27.0 

1990 

1. 114 

5900 

50,850 

9.81 

9900 

30,310 

27.6 

10000 

30,000 

28.1 
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TA8LC8  442-443. 

TABLE  4tt. 
WIRELESS  TELEGRAPHY. 

Badiatlan  R— litawota  for  Vaztoni  WaTt-LtnithB  and  Awtaniia  Halthli. 

The  radiation  theory  of  Hertz  shows  that  the  radiated  energy  of  an  oscillator  may  be  repre- 
sented by  £  3±3  constant  (hV^^)  I^  where  h  is  the  length  of  the  oscillator,  A,  the  wave-length  and 
I  the  current  at  its  center.  For  a  flat-top  antenna  £  =  1600  (hV  A^)  I^  watts ;  1600  hV^'  is  called 
the  radiation  resistance. 


(h=  height  to 

center  of  capacity  of  c 

onducting  system.) 

Wave^^'^^v^.^ 

40  Ft. 

60  Ft. 

80  Ft. 

100  Ft. 

I30  Ft. 

x6oFt. 

aooFt. 

300  Ft. 

450  Ft. 

600  Fl 

laooFt. 

Lensth  A 

m 

okm 

oAm 

aJktm 

oAm 

cAm 

ohm 

oAm 

ffAm 

okm 

0kfH 

^ 

200 

6.0 

134 
0.0 

24.0 

37-0 

540 

95.0 

300 

2.7 

10.6 

16.5 

23.8 

42.4 

400 
600 

a66 

3-4 
o!84 

6.0 
2.7 

9-3 
4.1 

6.0 

23.8 

10.6 

16.4 

374 

84.0 

I49-0 

800 

0.37 

1-5 

2.3 

34 

6.0 

9.2 

21.0 

47.0 

84.0 

1000 

0.24 

o.}4 
0.37 

0.9c 

1-5 

2.1 

3.8 

6.0 

135 

30.0 

54-0 

215.0 

1200 

0.17 

0.66 

1.03 
0.66 

1-5 

2.6 

4.1 

9-3 

21.0 

370 

U9-0  ! 

1500 

0.1 1 

0.24 

0.42 

0.9s 

1-7 

2.6 

6.0 

134 

24.0 

95.0 

2000 

0.13 

0.24 

0.37 

0.54 

0.9s 

i-S 

34 

Ih 

134 
8.6 

540 

2500 

0.15 

0.24 

0.34 

0.61 

0.95 

2.2 

34-0 

3000 

0.1 1 

0.17 

0.24 

042 

0.66 

0.84 

34 

6.0 

24.0 

4000 

0.06 

0.09 

0.13 

0.24 

0'37 

1.9 

34 

5000 

• 

1 

0.24 
0.16 

0.53 

0.37 

1.20 
0.84 

2.2 
1-5 

7000 

1 
1 

y 

^ 

ai2 

0.27 

0.61 

I.I 

44 

AustiA,  Jour.  Wash.  Acad,  of  Sci.  x,  p.  190,  19s]. 


TABLE  448. 

THE  DIELECTRIC  PROPERTIES  OF  NON-CONDUCTORS. 

Phillips  Thomas,  J.  Franklin  Inst.  176,  S88,  1918. 


Results  of  tests  at  unit  area  and  unit  thickness  of  dielectric. 

At  1000  cycles. 

Mica. 

Paper. 

Celluloid. 

Ice. 

Max.  breakdown  volts  per  cm.    . 

Specific  indue,  capacity 

Max.  absorbable  energy,  watts-sec/cm' 

oo^'-angle  of  lead 

Equiv.  resistance  ohms/cm'X  10**     .     . 
Conductivity  per  cm.  cube X 10"**^      .     . 
Percent  change  in  cap.  per  cycleXio*    . 
Percent  change  in  resistance  per  cycle  . 

i.o6Xio« 
4.00 
0.198 
0"  S7' 

3.91 

2.56 
2.18 
0.258 

0.71  Xio« 

4.90 
0.108 
2*   10' 

9-84 
1.02 

14.31 
0.146 

I.05XIO« 
13.26 
0.640 

3''4o' 

48.3 

0.207 

30^7 

0.106 

• 

.oiiXio« 

86.40 

.00040 

13*  39' 
1400 

.00722 

70.0 

0.127 

At  15  cycles. 

Specific  inductive  capacity     .... 
Max.  absorbable  energy,  watt-sec/cm'. 
Percent  change  in  capacity  per  cycle     . 

• 

4.09 

0.203 
0.00 

5.77 
0.126 

0.306 

18.60 

0.90 
1-74 

429.0 
0.002 

1.59 

On  direct  current. 

Conductivity  oer  cm' 

2.42x10"*''^ 

2.2/XIOf^l- 

71.5X10-1* 

163.10-11 
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Table  444.  o  5 1 

MAGNETIC   PROPERTIES. 

Unit  pole  is  a  quantity  of  magnetism  repelling  another  unit  pole  with  a  force  of  one  dyne; 
4ir  lines  of  force  radiate  from  it.  Jf ,  pole  strength;  ^wM  lines  of  force  radiate  from  pole  of 
strength  M. 

H,  field  strength,  -  no.  of  lines  of  force  crossing  unit  area  in  normal  direction;  unit  -  gauss  - 
one  line  per  unit  area. 

M,  magnetic  moment,  -  Ml,  where  /  is  length  between  poles  of  magnet. 

/,  intensi^  of  magnetization  or  pole  strength  per  unit  area,  -  M/V  -  M/A  where  A  is  cross 
section  of  imiformly  magnetized  [X)le  face,  and  V  is  the  volume  of  the  magnet.  ^tM/A  =  ^irl  - 
no.  lines  of  force  leaving  unit  area  of  pole. 

/,  specific  intensity  of  magnetism,  =  I/p  where  p  ■■  density,  g/cm*. 

^,  magnetic  flux,  =  47rJf  +  HA  for  magnet  placed  in  field  of  strength  H  (axis  parallel  to  field). 
Unit,  the  maxwell. 

Bf  flux  density  (magnetic)  induction,  -  <t>/A  -  4x7  +  H;  unit  the  gauss,  maxwell  per  cm. 

/i,  magnetic  permeability,  =  B/H,  Strength  of  field  in  air-filled  solenoid  "  H  ^  (4ir/io)  ni 
in  gausses,  i  in  amperes,  »,  number  of  turns  per  cm  length.  If  iron  filled,  induction  increased, 
i.e.,  no.  of  lines  of  force  per  imit  area,  B^  passing  through  coil  is  greater  than  H;  fjk  ^  B/H. 

K,  susceptibility;  permeability  relates  to  effect  of  iron  core  on  magnetic  field  strength  of  coil; 
if  effect  be  considered  on  iron  core,  which  becomes  a  magnet  of  pole  strength  M  and  intensity 
of  magnetism  /,  then  the  ratio  I/H  -  (jjl  -1)4/ tt  is  the  magnetic  susceptibility  per  unit  volume 
and  is  a  measure  of  the  magnetizing  effect  of  a  magnetic  field  on  the  material  placed  in  the  field. 
/JL  =  47ric  +  7. 

X,  specific  susceptibility  (per  unit  mass)  -  K/p  -  J/H, 

Xa»  atomic  susceptibility,  -  X  X  (atomic  weight);  Xm  "  molecular  susceptibility. 

•^Ay  -^M)  similarly  atomic  and  molecular  intensity  of  magnetization. 

H3rsteresis  is  work  done  in  taking  a  cm'  of  the  magnetic  material  through  a  magnetic  cycle 
»  J*ndl  -  (i/4T)J*HdB,  Steinmetz's  empirical  formula  gives  a  close  approximation  to  the 
hysteresis  loss;  it  is  aB^'^  where  ^  is  the  max.  induction  and  a  is  a  constant  (see  Table  472).  The 
retentivity  (Br)  is  the  value  of  B  when  the  magnetizing  force  is  reduced  to  zero.  The  reversed 
field  necessary  to  reduce  the  magnetism  to  zero  is  called  the  coercive  force  (^e). 

Ferromagnetic  substances,  fi  very  large,  K  very  large:  Fe,  Ni,  Co,  Heusler's  alloy  (Cu  62.5, 
Mn  23.5,  Al  14.  See  Stephenson,  Phys.  Rev.  1910),  magnetite  and  a  few  alloys  of  Mn.  /i  for 
Heusler's  alloy,  90  to  loo  for  B  -  2200;  for  Si  sheet  steel  350  to  5300. 

Paramagnetic  substances,  fi>i,  very  small  but  positive,  k  =  lo"*  to  io~*:  oxygen,  especially 
at  low  temperatufes,  salts  of  Fe,  Ni,  Mn,  many  metallic  elements.     (See  Table  474.) 

Diamagnetic  substances,  n<i,  K  negative.  Most  diamagnetic  substance  known  is  Bi,  -14 
X  io~*.     (See  Table  474.) 

Paramagnetic  substances  show  no  retentivity  or  hysteresis  effect.  Susceptibility  independent 
of  field  strength.  The  specific  susceptibility  for  both  para-  and  diamagnetic  substances  is  in- 
dependent of  field  strength. 

For  Hall  effect  (galvanomagnetic  difference  of  potential),  Ettinghausen  effect  (galvanomagnetic 
difference  of  temperature),  Nemst  effect  (thermomagnetic  difference  of  potential)  and  the  Leduc 
effect  (thermomagnetic  difference  of  temperature),  see  Tables  487  and  488. 

Magneto-strictive  phenomena: 

Joule  effect:  Mechanical  change  in  length  when  specimen  is  subjected  to  a  magnetic  field. 
With  increasing  field  strength,  iron  and  some  iron  alloys  ^ow  first  a  small  increment  A///  « 
(7  to  3S)  X  10"^,  then  a  decrement,  and  for  H  -  1600,  A///  may  amount  to  -(6  to  8)  x  10"*. 
Cast  cobalt  with  increasing  field  first  decreases,  Al/l  -  -8  Xio"*,  H  ^  150,  then  increases  in 
length.  A///  -  +  5  X  io~*,  H  -  2000;  annealed  cobalt  steadily  contracts.  A///  -  -25  X  10"*,  H 
-«  2000.  Ni  rapi(fly  then  slowly  contracts,  Al/l  =  -30  x  io~*,  H  -  100;  -35  X  io~*,  H  -  300; 
-36  X  10"*,  H  -  2000  (Williams,  Phys.  Rev.  34,  44,  1912).  A  transverse  field  generally  gives 
a  reciprocal  effect. 

Wiedemann  effect :  The  lower  end  of  a  vertical  wire,  magnetized  longitudinally,  when  a  current 
is  passed  through  it,  if  free,  twists  in  a  certain  direction,  depending  upon  circumstances  (see 
Williams,  Phys.  Rev.  32,  281,  1911).  A  reciprocal  effect  is  observed  in  that  when  a  rod  of  soft 
iron,  exposed  to  longitudinal  magnetizing  force,  is  twisted,  its  magnetism  is  reduced. 

Villari  effect;  reallv  a  reciprocal  Joule  effect.  The  susceptibility  of  an  iron  wire  is  increased 
by  stretching  when  the  magnetism  is  below  a  certain  value,  but  diminished  when  above  that 
value. 
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Table  446. 


COMPOSITION   AND   MAGNETIC 


This  Uble  and  Table  4S6  below  are  taken  from  a  paper  by  Dr.  Hopkinson  *  on  the  magnetic  properties  of  iron  and 

which  is  stated  in  the  paper  to  have  been  340.    The  maximum  magnetisation  is  not  tabulated ;  but  as  stated  ia  the 
by  4ir.    "  Coercive  force  "  is  the  magnetizing  force  required  to  reduce  the  magnetization  to  zero.    The  "i 
previous  magnetization  in  the  opposite  direction  to  the  **  maximum  induction  "  stated  in  the  table.    The  *'  1 
which,  however,  was  only  found  to  i^ee  roughly  with  the  results  of  experiment 


No. 

Description  of 

Chemical  analyns. 

of 

Temper. 

Test. 

I 

speamen. 

Total 
Carbon. 

Manga- 
nese. 

Sulphur. 

Silicon. 

Phos- 
phoras. 

Other 
sabstances. 

Wrought  iron    . 

Annealed 

^ 

M 

^ 

^ 

^ 

^ 

2 

Malleable  cast  iron   . 

tt 

- 

- 

- 

— 

- 

— 

3 

Gray  cast  iron  . 

- 

- 

- 

-     ■ 

- 

- 

— 

4 

Bessemer  steel  . 

— 

0.04S 

0.200 

0.030 

None. 

0.040 

— 

1 

Whitworth  mild  steel 

Annealed 

0.090 

0.153 
0.438 

0.016 

tf 

0.042 

— 

it               tt 

(( 

0.320 

0.017 

0.042 

0.035 

— 

tt               « 

(  OU-hard- 
(    ened 

it 

ft 

ft 

tf 

ft 

7 

•               • 

8 

((                          u 

Annealed 

0.890 

0.165 

0.005 

0.081 

0.019 

— 

^\ 

u                     u 

(  Oil-hard- 
j    ened 

tt 

tt 

tf 

ft 

ft 

9 

■ 

10 

Hadfield's  manganese  ) 
steel                          ) 

- 

1.005 

12.360 

0.038 

0.204 

ao70 

- 

II 

Manganese  steel 

As  forged 

0.674 

4.730 

0.023 

0.608 

0.078 

— 

12 

•*            "           .        . 

Annealed 

ft 

ft 

ft 

t« 

ft 

— 

V  rf% 

M                      <( 

(  Oil-hard- 
(    ened 

«i 

ft 

tt 

ft 

t« 

'3 

"" 

14 

"                      *'                    .               . 

As  forged 
Annealed 

1.298 

8.740 

0.024 

0.094 

0.072 

mm 

15 

"                      "                 ■    .               . 

tt 

ft 

tf 

f< 

ft 

16 

«i                      <4 

(  Oil-hard- 
(    ened 

t( 

ft 

tt 

ft 

u 

^ 

17 

Silicon  steel 

As  forged 

0.685 

0.694 

it 

3438 

0.123 

. 

18 

«         <« 

Annealed 

tt 

tt 

<f 

tf 

ft 

«. 

V  ^v 

n                tt 

(  Oil-hard- 
l    ened 

tt 

tf 

M 

ft 

f< 

19 

" 

20 

Chrome  steel 

As  forged 

0532 

0.393 

0.020 

0.220 

0.041 

0.621  Cr. 

21 

tt         It 

Annealed 

tt 

ft 

ft 

tt 

ft 

M 

22 

u              tt 

(  Oil-hard- 
(    ened 

tt 

(( 

tf 

ft 

tf 

a 

23 

tt            tt 

As  forged 

0.687 

a028 

.** 

0.134 

0.043 

1.195  Cr. 

24 

tt           « 

Annealed 

ft 

ft 

u 

ft 

tt 

f< 

25 

((           « 

(  Oil-hard- 
(    ened 

t< 

f< 

u 

ti 

M 

M 

26 

Tungsten  steel 

As  forged 

1-357 

0.036 

None. 

0.043 

0.047 

4.649  W. 

27 

•         (4                          tt 

Annealed 

ft 

ft 

f(_ 

ft 

a 

M 

(  Hardened 

28 

tt                          tt 

■                  •                  • 

<    in  cold 
(   water 
I  Hardened 

(f 

«f 

ft 

(f 

i< 

M 

29 

tt                          tt 

■                  •                  • 

}   in  tepid 
f    water 

ft 

ft 

t« 

<t 

u 

M 

30 

«           "    (French)   . 

(  Oil-hard- 
\    ened 

0.511 

0.625 

None. 

0.021 

ao28 

3.444  w. 

31 

•        •        • 

Very  hard 

0.855 

0.312 

— 

0.151 

0.089 

'H3  W 
2.064  c.t 

32 

Gray  cast  iron  . 

- 

3-455 
2.581 

0.173 

0.042 

2.044 

0.1 51 

33 

Mottled  cast  iron 

— 

0.610 

0.105 

1.476 

0.43s 
0.458 

1.477  c.t 

34 

White      «       "         .        . 

- 

2.036 

0.386 

0.467 

0.764 

35 

Spiegeleisen 

4.510 

7.970 

Trace. 

0.502 

0.128 

" 

•  Phil.  Trans.  Roy.  Soc.  vol.  176. 
Smithsonian  Taslcs. 
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PROPERTIES  OF  IRON  AND  STEEL. 

The  niunbera  in  the  oolumiu  headed  "  magnetic  properties  "  give  the  results  for  the  highest  magnetizing  force  used, 
paper,  it  may  be  obtained  by  subtracting  the  magnetizing  force  (340)  from  the  masdmum  induction  and  then  dividing 
netizing  force  '*  is  the  magnetizing  force  which  had  to  be  applied  in  order  to  leave  no  residual  magnetization  after 
dissipated  "  was  calculated  from  the  formula :  —  £neTgy  dissipated  =:  coercive  force  X  maximum  induction  -7-  n 


fy           ■£ 

Magnetic  properties. 

No. 

of 

nTefit 

Description  of 
specunen. 

Temper. 

Speaiic 

e  ectri- 

ca  resis- 

Energy dis- 
sipated per 
cycle. 

Maxi- 

Residual 

Coer- 

Demag- 

X  cab* 

tance. 

mum  in- 

induc- 

cive 

netizive 

I 

duction. 

tion. 

force. 

force. 

Wrought  iron   . 

Annealed 

.01378 

18251 

7248 

2.30 

^, 

13356 

2 

Malleable  ca.st  iron  . 

ii 

■03254 
.10500 

12408 

7479 

8.80 

— 

34742 

3 

Gray  cast  iron  . 

- 

If.U 

fd 

3.80 

— 

13037 

4 

Bessemer  steel  . 

— 

.010  qo 
.01080 

2.96 

— 

17137 
10289 

5 

Whitworth  mild  steel 

Annealed 

19840 

7080 

1.63 

-. 

I 

K                               <l 

it 

.01446 

18736 

9840 

6.73 

— 

40120 

7 

li                               l< 

(  Oil-hard- 
1    ened 

.01390 

18796 

1 1040 

11.00 

- 

65786 

8 

M                               l< 

Annealed 

•01559 

161 20 

10740 

8.26 

— 

42366 

9 

U                              tt 

(  OU-hard- 
l    ened 

.01695 

1612O 

8736 

19.38 

— 

99401 

10 

Hadfield's  manganese  } 
steel                            J  • 

\ 

•06554 

310 

— 

- 

— 

II 

Manganese  steel 

As  forged 

.05368 

4623 
10578 

2202 

33.86 

37.13 

34567 

12 

<(           <* 

Annealed 

.03928 

5848 

46.10 

"3963 

13 

((           <i 

(  Oil-hard- 
]    ened 

.05556 

4769 

2158 

27.64 

40.29 

41941 

14 

II           <i 

As  forged 
Annealed 

.06993 

747 

— 

— 

— 

- 

15 

**           **          •        .« 

.06316 

1985 

540 

24.50 

50.39 

15474 

16 

a               u              ^           ^ 

(  OiUhard- 
"j    ened 

.07066 

733 

— 

— 

— 

17 

Silicon  steel 

As  forged 

.06163 

15148 

1 1073 

9.49 

12.60 

45740 
36485 

18 

>        •        • 

Annealed 

.06185 

1 4701 

8149 

7.80 

10.74 

19 

« 

{  Oil-hard- 
1    ened 

.06195 

14696 

8084 

12.75 

17.14 

59619 

20 

Chrome  steel    . 

As  forged 

.02016 

15778 

9318 

12.24 

13.87 

61439 

21 

f(         <i 

•        •        • 

Annealed 

.01942 

14848 

7570 

8.98 

12.24 

42425 

22 

41                 U 

•        •        • 

(  Oil-hard- 
(    ened 

.02708 

13960 

8595 

38.15 

48.45 

169455 

23 

U                U 

»        •        • 

As  forged 

.01791 

14680 

7568 

18.40 

22.03 

85944 

24 

U                U 

1 

•        • 

Annealed 

.01849 

13233 

6489 

15.40 

1979 

64842 

'25 

u            « 

•        •        • 

(  Oil-hard- 
1    ened 

•03035 

12868 

7891 

40.80 

56.70 

167050 

26 

Tungsten  steel 

•        •        • 

As  forced 
Annealed 

.02249 

11^^  i 

10144 

15.71 

17.75 

78568 

27 

41                  « 

■        •        • 

.02250 

1 1008 

15-30 

16.93 

80315 

C  Hardened 

28 

M                     K 

•        •        • 

<    in  cold 
(    water 
I  Hardened 

.02274 

29 

«           « 

•        •        • 

<    in  tepid 
(    water 

.02249 

1 5610 

9482 

30.10 

34.70 

149500 

30 

«           "    (French)   . 

1  Oil  hard- 
l    ened 

.03604 

14480 

8643 

47.07 

64.46 

216864 

31 

U                     M 

■                               •                               • 

Very  hard 

.04427 

12133 

6818 

51.20 

70.69 

197660  ' 

32 

Gray  cast  iron   . 

- 

.11400 

9148 

3161 

13.67 

17.03 

39789 

33 

Mottled  cast  iron 

- 

.06286 

10546 

5108 

12.24 

- 

41072 

34 

While       «       «        .        . 

- 

.05661 

9342 

5554 

12.24 

2a40 

36383 

35 

Spiegeleisen 

.10520 

38s 

77 
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TABLC8  446-448.   MAGNETIC  PROPERTIES  OF  IRON. 
TABLE  446.  -MifBttle  PraptrtlM  at  Iraii  and  8tML 


Electro- 
lytic 
Iron. 

Good 
Cast 

Steel. 

Poor 
Cast 

SteeL 

SteeL 

Cast 
Iron. 

Electrical  Sheets. 

Ordinary. 

Silicon 
SteeL 

Chemical  composi- 
tion in  per  cent 

C 

Si 

Mn 

P 

S 

0.024 
0.004 

o.ocS 

0.008 
O.OOI 

0.044 

0.004 

0.40 

0.044 

0.027 

0.56 

0.18 

0.29 

0.076 

0.035 

0.99 
0.10 

0.40 
0.04 
0.07 

3" 

0.56 
1.05 
0.06 

0.036 

0.330 
0.260 
0.040 
0.068 

0.036     1 
3-90 

aoo9 
aoo6 

Coercive  force    .    .    .   ■ 

2.83 
[0.36] 

I.51 

[0.37] 

7.1 
(44-3) 

16.7 

(52.4) 

1 1.4 
[4.6] 

[1.30] 

[0.77] 

Residual  B     .    .    .    .    > 

1 1400 
[10800] 

10600 
[  1 1000] 

10500 
(10500) 

53000 

(7500) 

5100 
[5350] 

[9400] 

[9850I 

Maximum  permeability  < 

1850 
[14400] 

19200 
[18900] 

21620 
[21630] 

r  3550  ^ 
[14800] 

700 
(170) 

375 
(no) 

240 
[600] 

[3270] 

[6130] 

B  for  H=i  50     ...    1 

18800 
[I9IOO] 

17400 
(15400) 

16700 
(1 1700) 

10400 
[  1 1000] 

[18200] 

[17550] 

4vl  for  saturation 

21420 
[21420] 

20600 

(20200) 

19800 
(18000) 

16400 
[16800]      [20500] 

[19260] 

£.  Gumlich,  Zs  fiir  Electrocfaemie,  15,  p.  599;  1909. 
BraekeU  indicate  annealing  at  800°  C  in  vacuum.  PargntJUMs  indicate  hardening  by  quenching  from  cfaciijMcd. 

TABLB  447.-0ait  Iraii  IB  mtnM  ritlds. 


Soft  Cast  Iron. 

Hard  Cast  Iron.                          1 

H 

B 

I 

fi 

H 

B 

I 

1* 

114 
172 

9950 
10800 

782 
846 

n 

142 

254 

7860 
9700 

614 

752 

m 

433 

13900 

1070 

321 

339 
684 

10850 

% 

30.6 

744 

15750 

1200 

21.2 

13050 

19.1 

1234 

17300 

1280 

14.0 

915 

14050 

1044 

15.4 

1820 

18 1 70 

1300 

10.0 

1570 

16800 

1 138 

lO.I 

12700 

31100 

1465 

2-5 

2020 

II76 

8.3 

13550 

32100 

1475 
1488 

2.4 

10900 

'^ 

1245 

2.4 

13^00 

32500 
•   33050 

2.4 

13200 

1226 

2.2 

15100 

1472 

2.2 

14800 

30200 

1226 

2.0 

B.  O.  Peirce,  Proc.  Am.  Acad.  44*  1909. 

TABLE  448.  —  OoixMttou  for  Rlat  gptdintm. 
In  the  case  of  ring  specimens,  the  average  magnetizing  force  is  not  the  value  at  the  mean  radius, 
the  ratio  of  the  two  being  given  in  the  taole.  The  flux  density  consequently  is  not  uniform,  and 
the  measured  hysteresis  is  less  than  it  would  be  for  a  uniform  distribution.  This  ratio  is  also  given 
for  the  case  of  constant  permeability,  the  values  being  applicable  for  magnetizations  in  the  neigh- 
borhood of  the  maximum  permeability.  For  higher  magnetizations  the  flux  density  is  more  uni- 
form, for  lower  it  is  less,  and  the  correction  greater. 


Ratio  of 

Radial 

Width  to 

Diameter 

of  Ring. 

Ratio  of  Average  H  to 
H  at  Mean  Radius. 

Ratio  of  Hysteresis  for  Uniform 
Distribution  to  Actual  Hysteresis. 

Rectangular          Circular 
Cross-section.    Cross-section. 

Rectangular 
Cross-section. 

Circular 
Cross-section. 

,/2 

1/7 
./8 

i/io 

I/I9 

1.0986 
10397 
1.02 16 
I.OI37 
1.0094 
1.0069 
1.0052 
10033 
1.0009 

1,0718 
1.0294 
I.O162 
1. 0102 
1.0070 
1.0052 
1.0040 
1.0025 
1.0007 

1. 112 
1.045 
1.024 
I.015 
I.OIO 

1.008 
1.006 

1.003 

1. 001 

1.084 

1.03^ 
I.018 
1. 01 1 
1.008 
1.006 
1.004 
1.002 
I. 001 

Smithsonian  Tables. 


M.  G.  Lloyd,  Bull.  Bur.  Standards,  5,  p.  435;  1908. 


Tables  i48-4Sl. 
MAGNETIC   PROPERTIES   OF    IRONS   AND   STEELS. 

TABLE  449.  —  Magnetic  Properties  of  Various  Types  of  Iron  and  Steel. 
From  tests  made  at  the  Bureau  of  Standards.    B  and  H  are  measured  in  cgs  units. 
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Values  of  B. 

H 
M 

2000 

4000 

6000 

8000 

10,000 

12,000 

14,000 

16,000 

18,000 

20/X>0 

Annealed  Norway  iron 

.81 

2470 

1.16 

3480 

1.60 

3750 

2.18 

3670 

3.06 

3270 

4.46 

2700 

7.26 

1930 

23.6 

680 

116. 

150 

— — 

Cast  semi-steel 

H 
M 

2.00 

1000 

2.90 

1380 

4.30 

1400 

6.46 

1240 

9.82 

1020 

16.1 

795 

24.9 

563 

60.6 

317 

136. 

^33 

325. 

62. 

Machinery  steel 

H 
M 

6.0 

400 

8.8 

455 

13.1 

460 

18.6 

430 

26.8 

390 

36.8 

340 

60.6 

280 

76.0 

210 

142. 

127 

— 

TABLE  450.—  Magnetic  Properties  of  a  Specimen  of  Very  Pure  Iron  (.017%  C). 
From  tests  at  the  Bureau  of  Standards.    B  and  H  are  measured  in  cgs  imits. 


Values  of  B 

H 
M 

H 

2000 

4000 

6000 

8000 

xo,ooo 

12,000 

14,000 

16,000 

x8,ooo 

30,000 

Very  pure  iron } 
as  received    / 

Annealed  in  vacuo  \ 
from  900®  C        / 

3.30 

606 

.46 

4350 

4.48 

893 

.60 

6670 

6.36 

945 

.80 

7500 

9.10 

880 

1.02 

7840 

13.0 

770 

1.38 

7250 

18.9 

635 

2.00 

6000 

28.8 

486 

3.20 

4380 

47.0 

340 

11.3 

1420 

103. 

175 

72.0 

250 

240. 

83 

194. 

103 

As  received:  ^Tmax  150 
Bmax  18,900 
Br  7,650 

He         2.8 


After  annealing:  Hma.x       150 

Bmaz    19,500 


H, 


0.53 


TABLE  451.  —  Magnetic  Properties  of  Electrical  Sheets. 
From  tests  at  the  Bureau  of  Standards.    B  and  H  are  measured  in  cgs  imits. 


Values  of  B 

2000 

4000 

6000 

8000 

xo,ooo 

X2,000 

X4,ooo 

x6,ooo 

18,000 

20,000 

Dynamo  steel 

H 

1.00 

2000 

1.10 

3640 

1.48 

4200 

2.00 

4000 

3.10 

3220 

4.96 

2420 

9.20 

1520 

34.0 

470 

114. 

158 

— 

Ordinary  trans- 1 
former  steel    / 

H 

M 

.60 

3340 

.87 

4600 

1.10 

5450 

1.48 

5400 

2.28 

4380 

3.86 

3120 

10.9 

1280 

48.0 

372 

149. 

121 

— 

I£gh  silicon  trans- 1 
former  steel        / 

H 
M 

.60 

4000 

.70 

5720 

.90 

6670 

1.28 

6250 

1.99 

5020 

3.60 

3340 

9.80 

1430 

47.4 

338 

165. 

109 

1 
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Tables  4B»-tff. 

MAGNETIC   PROPERTIES  OF    IRONS  AND   STEELS* 

TABLE  461.  —  Macnetic  Properties  of  Two  Types  of  American  Magnet  SteeL 

From  tests  at  the  Bureau  of  Standards.   B  and  H  axe  measured  in  cgs  units. 


Values  of  B 

2O0O 

4000 

6000 

8000 

10,000 

X2,0OO 

J4.O0O 

x6,ooo 

x8,ooo 

■  1 
20,000 

Tungsten  steel. 
Chrome  steel. . . 

H 
M 

H 

35. o 
57 

53-3 
75 

49.0 
82 

63.3 
95 

63.5 
95 

72.0 

XIX 

88.4 
91 

83.4 
120 

143 
70 

109 
IXO 

270 

45 

200 
70 

— 

— 

* 

Percentage  composition:  Tungsten  sted,    C  0.67    W  5.1      Cr    2.09    Si  0.35 

Chrome  steel,    C  0.81    W  0.96    Mn  0.38    Si  0.26 
Tungsten  steel:  Htaax  200      Bmax  14,000      Chncnne  steel:  Hmax  200      Bmax  ir,oso 
B,         62. S    Br         10,400  H^,        45. 7    A"  7/>30 


TABLE  463.— Magnetic  Properties  of  a  Ferro-Cobalt  Alloy,  FeiCo  (38%  Cobalt). 
From  tests  at  the  Bureau  of  Standards.    B  and  H  are  measured  in  cgs  units. 


Values  of  B 

2000 

4000 

6000 

8000 

10,000 

12,000 

14,000 

16,000 

jBfioo 

20,000 

As  received 

B 

3.X0 
64s 

4.28 
935 

5SO 
X090 

7.17 
1115 

9.65 
1040 

13. 4 
900 

19. 1 
730 

27.3 
590 

40.0 
450 

65.0 
3x0 

Annealed  at  1 
looo-C     / 

n 

3.00 
670 

4. XX 
970 

5. 05 
1x90 

6.4s 
X240 

8.40 
X190 

II. 3 
X060 

15.4 
9x0 

21.9 

730 

31.7 
S70 

S0.6 
400 

Quenched          \ 
from  looo*  C  / 

B 

10.8 
x85 

13.8 
290 

19.  X 
314 

28.7 
279 

43.4 
230 

65.8 
X82 

X04 
135 

•^ 

262 
69 

— 

As  received 

Annealed  at  xooo*  C      Bmax 

Quenched  from  1000*  C 


15,000 

22.9 

7750 

3-79 

15,000 

^max 

18.3 

Br 

7460 
,8240 

H« 

3.95 

X5.000 

1 130. 

1x4.3 

TABLE  464.  —  Magnetic  Properties  of  a  Ring  Sample  of  Tnuisformer  Steel 

in  Very  Weak  Fields. 

From  tests  made  at  the  Bureau  of  Standards.    B  and  H  are  measured  in  cgs  units. 


Values  ofH 

O.OOI 

0.45 
4SO 

0.002 

0.91 

455 

0.004 

1.85 

462 

0.006 

2.87 

478 

0.008 

3-94 
492 

0.0x0 

505 

505 

0.012 

6.30 

525 

0.0x4 

7.51 

536 

0.018 

o.oao 

ZZ.64 

S8s 

Values  of  B 

Values  of  /A. 

TABLE  466.  —  Magnetic  Properties  of  Iron  in  Very  Weak  Fields. 

The  e£Fect  of  very  small  magnetizing  forces  has  been  studied  hy  C.  Baur  and  by  Lord  Rayleigh.  The  fdDowxng 
short  table  is  taken  from  Baur's  paper,  and  is  taken  by  him  to  indicate  that  the  susceptibility  is  finite  for  zero  values 
of  H  and  for  a  finite  range  increases  in  simple  propcMtion  to  H.  He  gives  the  formuui  ifc  >■  15  +  xooff ,  or  /  «  isfT 
+  looH*   The  experiments  were  made  on  an  anneued  ring  of  round  bar  1.0x3  cms  radius,  the  ring  having  a  radius  of 

J  1.43 2  cms.    Lord  Rayleigh's  results  for  an  iron  wire  not  annealed  give  ifc  >-  6.4  +  s.iH,  or  /  *  6.4F  +  S-^B*.     The 
orces  were  reduced  as  low  as  0.00004  cgs*  the  rdation  oik  to  H  remaining  constant. 


First  experiment. 

Second  experiment.          1 

H 

k 

/ 

B 

k 

.0x580 
.03081 
.07083 
.13188 
.230XX 
.38422 

16.46 
17.65 
23.00 
28.00 

58.56 

2.63 

5. 47 

X6.33 

38.  IS 

91.56 

224.87 

.0x30 
.0847 

.'  1864 
.2903 
.3397 

15-50 
18.38 
20.49 
25.07 
32.40 
35.20 

Smithsonian  Tables. 
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PERMEABILITY  OF  SOME  OF  THlE   SPECIMENS  IN  TABLE  446. 

TABUE  45«. 

This  tabl»  nyes  the  mdacdon  and  the  permeability  for  different  valaea  of  the  magnetizing  force  of  some  of  the  apeci 
mens  in  xable  445  •  The  specimen  numbers  refer  to  the  same  table.  The  numbers  in  this  table  have  been  taken 
from  the  curves  given  by  Dr.  Hopkinson,  and  may  therefore  be  slightly  in  ern»r ;  they  are  the  mean  values  lor 
rising  and  fsiJling  magnetizations. 


Magnetiz- 
ing torce. 
H 

Specimen 

I  (iron). 

Specimen  8 
(annealed  steel). 

Specimen  9  (same  as  ■ 
8  tempered). 

Specimen  3 
(cast  iron). 

B 

1^ 

B 

M 

B 

f* 

B 

/* 

I 

m. 

_ 

mm 

.. 

_ 

_ 

265 

265 

2 

200 

100 

— 

— 

— 

— 

700 

350 

3 

- 

- 

- 

— 

— 

- 

1625 

^ 

5 

10050 

2010 

1525 

300 

750 

165 

3000 

lO 

12550 

1255 

9000 

900 

1650 

JOOO 

6000 

500 

20 

14550 

727 

I  1500 
12650 

575 

5875 

294 

300 

30 

15200 

507 

422 

987s 

329 

6500 

217 

40 

zj8oo 

lOOOO 

395 

13300 
13800 

332 

II600 

290 

7100 

177 

50 

320 

276 

12000 

240 

7350 

149 

70 

16360 
16800 

^ii 

>4350 

205 

13400 

191 

7900 
8500 

'J3 

100 

168 

14900 

149 

14^00 

M5 

55 

150 

17400 

116 

15700 
16100 

^25 

15800 

'25 

9500 

63 

200 

17950 

90 

80 

IDIOO 

80 

IOI90 

51 

Tabl«*4S7<s,  4Ss-«  give  the  results  of  some  experiments  by  Du  Bois,*  on  the  magnetic  properties  of  iron,  nickel,  and 
cotnlt  under  strong  magnetizing  forces.  The  experiments  were  made  on  ovoidis  of  the  metals  18  centimeters  long 
and  0.6  centimeters  diameter.  The  specimens  were  as  follows:  (i)  Soft  Swedish  iron  carefully  annealed  and 
having  a  density  7  8a.  (3)  Hard  English  cast  steel  yellow  tennpered  at  230°  C. ;  density  7.78.  (3)  Hard  drawn 
best  nickel  containing  99  %  Ni  with  some  SiO|  and  traces  of  Fe  and  Cu ;  density  8.8a.  (4)  Cast  cobalt  giving 
the  following  composition  on  analysis:  €0  =  93.1,  Ni  =  5.8,  Fe  =  o.8,  Cu  =  o.a,  Si  =  o.i,  and  €  =  0.3.  The  speci- 
men was  very  brittle  and  broke  in  the  lathe,  anid  hence  contained  a  suriaced  joint  held  together  by  clamps  during 
the  experiment.  Referring  to  the  columns,  Hy  B,  and  i*  have  the  same  meaning  as  in  tne  other  tables,  5*  is  the 
magnetic  moment  per  frram,  and  /  the  magnetic  moment  per  cubic  centimeter.  H  and  ^  are  taken  from  the 
curves  pabUshed  by  Du  Bois;  the  others  have  been  calculated  using  the  densities  given. 

MAGNETIC  PROPERTIES  OF  SOFT  IRON  AT  OP  AND  100^  O. 

TABLE  467. 


Soft  iron  at  0°  C. 

Soft  iron  at  100°  C.             1 

// 

.$• 

/ 

B 

M 

N 

^ 

/ 

B 

f^ 

100 
200 
400 
700 
1000 
1200 

180.0 

194.5 
208.0 

2IC.5 

218.0 

218.5 

1408 
152I 
1027 
1685 
1705 
1709 

17790 
19310 
20830 
21870 
22420 
22670 

^77  9 
96.5 

52.1 

3'-2 

22.4 

18.9 

100 

200 

400 

700 

1000 

1200 

180.0 
194.0 
207.0 

213.4 
215.0 

215.5 

1402 

161 3 
1663 
1674 
1679 

17720 

20660 
21590 
22040 
22300 

177.2 
96.0 
51.6 
29.8 
21.0 
18.6 

MAGNETIC  PROPERTIES  OF  STEEL 

TABLE  468. 


AT  0°  AND  100°  C. 


Steel  at  0°  C. 

Steel  at  100°  C               1 

// 

^ 

I 

B 

¥> 

H 

.$• 

I 

B 

¥• 

100 
200 
400 
700 
1000 
1200 

375ot 

165.0 
18 1.0 
193.0 

199-5 

203.5 
205.0 

212.0 

1283 
1408 
1500 

.'Pa 

1595 
1650 

16240 
17900 
19250 
20210 
20900 
21240 
24470 

162.4 

48.1 
28.9 
20.9 

6.5 

100 

200 

400 

700 

1000 

1500 

3000 

5000 

165.0 
180.0 
191.O 
197.0 
199.0 
203.0 
205.5 
208.0 

1278 

'395 
1480 

1527 

'1 543 

'573 

1593 
1612 

16170 
17730 
19000 
19800 
20380 
21270 
23020 
25260 

161 .7 

88.6 

47.5 
28.4 

20.4 

14.2 

7-7 
51 

*  "Phil.  Mag."  s  series,  vol.  xxix. 

t  The  results  in  this  and  the  other  tables  for  forces  above  laoo  were  not  obtained  from  the  ovoids  above  referred 
to,  but  from  a  small  piece  of  the  metal  provided  with  a  polished  mirror  surface  and  placed,  with  its  polished  face  nor- 
mal to  the  hnes  of  force,  between  the  poles  of  a  powerful  electromagnet.  The  induction  was  then  inferred  from 
the  rotauon  of  the  plane  of  a  polarized  ray  of  red  light  reflected  normally  from  the  surface.  (See  Kerr's  "  Constants.'^ 
P-33«.) 
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Tables 

MAGNETISM   AND   TEMPERATURE. 
TABLE  469.  —  Magnetism  and  Temperature,  Critical  Temperature. 


onds 


The  magnetic  moment  of  a  magnet  diminishes  with  increasing  temperature.    Different  specimens  vary 
In  the  formula  Jf  (/Afo  »  (i  —  a/)  the  value  of  a  may  range  from  .0003  to  .ooz  (see  Tables  457^458).   The  effect  < 
permeability  with  weak  fields  may  at  first  be  an  increase.    There  is  a  critical  temperature  (Curie  point)  above 
the  permeability  is  very  small  (parama^etic?).    Diamagnetic  susceptibility  does  not  chan^^  with  the  tempexateie. 
Paramagnetic  suacgHibility  decreases  with  increase  in  temperature.    This  and  the  succeedmg  two  tables  are  '  "^ 
from  Dushman,  '*  "nieories  of  Magnetism,"  General  Electric  Review,  19x6. 


Substance. 

Critical 
temperature, 
Cune  point. 

Refer- 
ence. 

Substance. 

CritiTAl 
temperature. 
Curie  point. 

Refer-' 
eace. 

Iran   tL  form 

756*  C 
920 
1280 
536 
589 
555 

S20 

3 
3 

MnBi 

360  to  380*  C 

310  "  320 

45  "    50 

18  "      25 

3x0 

340 

376 

I07S 

4      , 

4 

4      i 
4      i 

?  : 

6     i 
6 

1 

**     fi  form      

MnSb 

"     y  form 

MnAs 

Magnetite  (FesO«) 

MnP 

Heusler  alloy 

<< 
Cobalt-feriite  (FciCo)  ../. 

Nickel 

tt 

Cobalt 

References:  (x)  P.  Curie;  (2)  see  Williams,  Electron  Theory  of  Magnetism,  quoted  from  Weiss;  (3)  du  Bob, 
Tr.  Far.  Soc.  8,  2xx,  X9X2;  (4)  Hilpert,  Tr.  Far.  Soc.  8,  207, 19x2;  (5)  Gumaer;   (6)  Stifler,Phys.  Rev.  33,  36S,  xqii. 

TABLS  460.  —  Temperature  Variation  for  Paramagnetic  Substances. 

The  relation  deduced  by  Curie  that  x  ■*  C/T^  where  C  is  a  constant  and  T  the  absolute  temperature,  holds  for  sooie 

Eiramagnetic  substances  over  the  ranges  given  in  the  following  table.    Manv  paramagnetic  substaixxs  do  not  obey  tbe 
w  (Honda  and  Owen,  Aim.  d.  Phys.  32,  X027,  X9X0;  37,  657,  X9X2).    See  the  following  table. 


Substance. 

C  Xxo« 

Range 'C 

Refer- 
ence. 

Substance. 

C  Xxo« 

Range'C 

Refer- 

Oxveen 

33JOO 
7.830 

1,5  ao 
28,000 
38,500 

2o'  to  450*  C 

20  to  1370 
850    "  X360 
850    "  X267 

Gadolinium  sulphate. 
Ferrous  sulphate. . . . 

Ferric  sulphate 

Manganese  diloride. 

2X,000 

xx,ooo 

17,000 
30,000 

-259*  to  17 

-258 "  17 

2  \ 

3  1 

3 
3 

1 

1 

v.  ^•*    

Air 

Palladium 

Ma^etite 

Cast  iron 

...    ._             .                                                                _    .                       J 

References:  (x)  P.  Curie,  London  Electrician,  66,  500, 1912;  see  also  Du  Bois,  Rap.  du  Cong.  2,  460, 1900;  (2)  i^- 
rier,  Onnes,  Tables  annuelles,  3,  288,  X914;  (3)  Oosterhuis,  Onnes,  Ix.  2, 389,  X913. 


TABLE  461.  —  Temperature  Eilect  on  Susceptibility  of  Diamagnetic  Elements. 

Ho  effect: 

P    white 

S    Cryst.;  ppt. 


B  Cryst.  400  to  1200* 

C  Diamond,  -|-X70  to  200* 


C  "Sugar' 
Si  Cryst. 


carbon 


Zn  — X70  to  300* 
As  — 


Se        — 

Br  — X70  to  x8" 

Zr  Cryst.  —  X70  to  500* 

Cd  —  X70  to  300" 


Sb  —170  to  so* 
Cs  and  Au 
Hg  -39  to  +3So' 
Pb  337  to  6oo* 


Increase  with  rise  in  Temperature: 

Be  — 

B   Cryst.  -i- 170  to  400" 

Decrease  with  rise  in  Temperature: 

C    Amorphous  Gd  —  X79  to  30* 

C    Ceylon  graphite  Cje  —  X70  to  900* 

Cu  —  Zr  soo  to  X200* 

Zn  -1-300  to  700*  Cd  300  to  700* 


C    Diamond,  200  to  1200* 
Ag  — 


In  —170  to  150* 
Sb  -\-so  to  -i-631* 
Te  — 

I      +114  to  4-200* 


I      — X70  to  rx4* 
Hg  —170  to  — 30* 


Tl  — 

Pb  — X70  to  327* 
Bi  — X70  to  268* 


TABLE  46t.— Temperattire  Effects  on  Susceptibility  of  Paramagnetic  Elements. 

Ho  effect: 

Li  —  K    —170  to  X50* 

Na  — X70  to  97*  Ca  —  X70  to  x8* 

Al  657  to  xxoo*  V    —170  to  soo" 

Increase  with  rise  in  Temperature: 

Ti    —40  to  iioo*  Cr    500  to  xxoo* 

V      soo  to  XXOO*  Mo    —170  to  I200* 


Cr  —170  to  soo* 
Mn  —  X70  to  2SO* 
Rb  — 


RU    4-SSO  to  X200* 

Rh  — 


W 
Os 


Ba  —170  to  i8* 
IrandTh 


Decrease  with  rise  in  Temperature: 

(O)  —  Ti   -x8o  to  -Ao* 

As    —170  to  657*  Mn  250  to  lois 

Mg  _  (Fc)        - 

Tables  461  and  463  are  due  to  Honda  and  Owen;  for  reference,  see  preceding  table. 

Smithsonian  Tables. 


Ni  350  to  8oo* 
Co  above  xxso* 
Cb   — X70t0  400* 


Pd  and  Ta 

PtandU 

Rare  earth  metals 


Tables  463-469. 

MAGNETIC    PROPERTIES   OF    METALS. 
TABLB  468.  -  Oobalt  it  lOO""  0.  TABLB  464.  -Hloktl  at  100<'  0. 
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H 

.y 

I 

B 

!*• 

200 

106 

848 

10850* 
II960 

54-2 

300 

116 

928 

39-9 

500 

127 

1016 

13260 

26.5 
19.8 

700 

131 

1048 

13870 

1000 

'35 

1076 

14520 

14.5 

1500 

138 

1104 

15380 

10.3 

2500 

143 

1144 

16870 

6.7 

4000 

'45 

1 164 

18630 
20780 

4.7 

6coo 

147 

1 176 

3-5 

9000 

149 

1 192 

23980 

2.6 

Ato° 

C.  this  specime 

n  gave  the  fol- 

. 

lowing  resi 

ilts: 

7900 

154   1232 

23380    3.0 

H 


100 

350 

200 

43-0 
46.0 

300 

500 

50.0 

700 

51-5 

1000 

53-0 

1500 

56.0 

12500 

58.4 

4000 

59.0 

6000 

59.2 

9000 

59-4 

12000 

59.6 

At  o®  C. 


12300 


309  3980 

380  4966 

406  5399 

441  6043 

454  6409 

468  6875 

494  7707 

515  8973 

520  10540 

522  1 2561 

526 •  18606 

this  specimen  gave 

lowing  results : 

67.5  I  595  I  19782 


the 


39.8 
24.8 
18.0 
1 2.1 

91 
6.9 

2.6 
2.1 

'•7 
fol- 

1.6 


TABLE  466.  — KtlTiattto. 

The  following  results  are  given  by  Du  Bois  *  for  a  specimen  of  magnetite. 


H 

/           B 

M 

500 

1000 

2000 

12000 

325 
345 
350 
350 

8361 

9041 

10084 

20084 

16.7 
9,0 
5.0 

1-7 

Professor  Ewing  has  investigated  the  effects  of  very  intense  fields  on  the  induction  in  iron  and  other  meta1s.t  The 
results  show  that  the  intensity  of  magnetization  does  not  increase  much  in  iron  after  the  field  has  reached  an  in- 
tensity of  1000  c.  g.  3.  units,  the  increase  of  induction  above  this  being  almost  the  same  as  if  the  iron  were  not 
there,  that  is  to  say,  dBj  dH  is  practically  unity.  For  hard  steels,  and  particularly  manganese  steels,  much  hii^her 
forces  are  requirea  to  produce  saturation.  Hadfield^s  manganese  steel  seems  to  have  nearly  constant  susceptibility 
up  to  a  magnetizing  force  of  10,000.  The  following  tables,  taken  from  Ewing's  papers,  illustrate  the  effects  of 
strong  fiel£  on  iron  and  steel.    The  results  for  nickel  and  cobalt  do  not  differ  greatly  from  those  given  above. 


TABLB  466.  — LowuMT 
Wtonglit  IraiL 


H 

/ 

B 

7.83 

3080 

1680 

24130 

6450 

1740 

28300 

4-39 

10450 

1730 

32250 

3-09 

13600 

1720 

35200 
3&IO 

2.59 

16390 

1630 
1680 

2.25 

'?76o 

39900 

2.13 

18980 

1730 

40730 

2.15 

TABLB  467.-V101WB 
ToOlStML 


H 

/ 

1530 
1570 

1550 
1580 
161O 

B 

M 

4.10 
2.97 
2.60 
2.36 

231 

6210 

9970 

I2I20 

14660 

15530 

25480 
29650 
31620 

34550 
35820 

TABLB  468.  -Hadfltld*! 
MingiUftM  StML 


H 

B 

1.36 

1930 
2380 

2620 

3430 

1.44 

3350 

84 

4400 

1-31 

5920 

III 

7310 

1.24 

6620 

187 

8970 

1-35 

7890 

191 

10290 

1.30 

8390 

263 

I1690 

'•39 

9810  396 

14790 

1.51 

I 

2 

3 
4 

I 


TABLE  460.— Sttmatlai  ValVM  for  StMU  of  Diffennt  Klmdi. 


H 


Bessemer  steel  containing  about  0.4  per  cent  carbon  .  .  . 
Siemens-Marten  steel  containing  about  0.5  per  cent  carbon 
Crucible  steel  for  making  chisels,  containing  about  0.6  per 

cent  carbon 

Finer  quality  of  3  containing  about  0.8  per  cent  carbon  .     . 

Crucible  steel  containing  i  per  cent  carbon 

Whitworth*s  fluid-compressed  steel 


17600 
18000 


1770 
1660 

1480 
1580 
1440 
1590 


39880 
38860 


2.27 
2.16 


1.95 
2.08 


38010 

38190  \  2. 

37690  I  1.92 

38710  I  2.07 


*  "  Phil.  Mag."  5  series,  vol.  xzix,  1890. 
Smithsonian  Tables. 


t  "  Phil.  Trans.  Koy.  Soc.''  1885  and  18S9. 
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Tables  470-471. 
DEMAQNETIZINQ  FACTORS  FOR  ROD8. 

TABLB  470. 


/^=  true  intensity  O4  magnetizing  field,  H'  =  intensity  of  applied  field,  /=  in- 
tensity of  magnetization,  H=:^H' — NI. 

Shuddemagen  says:  The  demagnetizing  factor  is  not  a  constant,  falling  for 
highest  values  of  /to  about  1/7  the  value  when  unsaturated;  for  values  of  B 
{^H-^-^w J)  less  than  loooo,  N  is  approximately  constant;  using  a  solenoid 
wound  on  an  insulating  tube,  or  a  tube  of  split  brass,  the  reversal  method  gives 
values  for  N  which  are  considerably  lower  than  those  given  by  the  step>by-step 
method ;  if  the  solenoid  is  wound  on  a  thick  brass  tube,  the  two  methods  prac- 
tically agree. 


Ratio 

of 

Length 

to 

Diameter. 

• 

•     Values  of  A^XicA 

■ 

EUipioid. 

Cylindei 

w 
• 

Uniform 

Ma^eti- 

sauon. 

Magneto- 
metric 
Method 
(Mann). 

Ballistic  Step  Method.                     1 

Dubois. 

Shuddemagen  for  Range  of 
Practical  Constancy. 

Diameten                              1 

0.158  cm. 

0.3175  cm. 

i.iiicro. 

1.905  cm. 

5 

7015 

. 

6800 

10 

2549 

"Z 

2550 

2160 

- 

-       1960   1 

15 

'^51 

1400 

1206 

— 

1 

I07S 

20 

160 

898 

775    - 

- 

- 

671 

30 

432 
266 

70 

460 

393 

388 

350 

343 

40 

39 

^V^ 

238 

2U 

212 

209 

S 

181 
132 

\l 

182 
131 

162 
118 

160 
116 

\1l 

149 
106 

70 

lOI 

■3 

^ 

89 

88 

• 

80 

80 

9.8 

69 

69 

66 

63 

90 

6S 

I-^ 

^K 

55 

^i 

IOC 

^ 

'd 

51.8 

45 

46 

41 

41 

150 

26 

25.1 

20 

23 

21 

21 

200 

16 

'•57 

15.2 

II 

12.5 

II 

II 

300 

7.5 

0.70 

7.5 

5*2 

400 

4-5 

0.39 

2.8 

C  R.  Mann,  Physical  Review,  3,  p.  359;  1896. 

H.  DuBois,  Wied.  Ann.  7,  p.  942;  190a. 

C.  L.  B.  Shuddemagen,  Froc.  Am.  Acad.  Arte  and  Sd.  43,  p.  185,  1907  (Bibliography). 


TABLB  471. 


Shuddemagen  also  gives  the  following,  where  B  is  determined  by  the  step  method 

and  A^=//'— A'Z?. 


Ratio  of 

Length 

to 

Diameter. 

Values  of  KXio*. 

Diameter 
0.3175  cm. 

Diameter 
i.i  to  2.0  cm. 

15 

20 

25 

30 
40 

80 
100 
150 

18.6 

12.7 

9.25 
1.83 

85.2 

273 
16.6 

11.6 

8.45 
5,05 
3.26 
1.67 

Smithsonian  Tables. 
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DISSIPATION  OF  ENERGY  IN  THE  CYCLIC  MAGNETIZATION  OF  VARIOUS 

SUBSTANCES. 

C.  P.  Steinmetz  concludes  from  his  experiments*  that  the  dissipation  of  energy  due  to 
hysteresis  in  magnetic  metals  can  be  expressed  by  the  formula  e  =  aB^-^,  where  ^  is  the  energy 
dissipated  and  a  a  constant.  He  also  concludes  that  the'  dissipation  is  the  same  for  the  same 
range  of  induction,  no  matter  what  the  absolute  value  of  the  terminal  inductions  may  be.  His 
experiments  show  this  to  be  nearly  true  when  the  induction  does  not  exceed  ^  1 5000  c.  g.  s. 
units  per  sq.  cm.  It  is  possible  that,  if  metallic  induction  only  be  taken,  this  may  be  true  up  to 
saturation  ;  but  it  is  not  likely  to  be  found  to  hold  for  total  mductions  much  above  the  satura- 
tion value  of  the  metal.  The  law  of  variation  of  dissipation  with  induction  range  in  the  cycle, 
stated  in  the  above  formula,  is  also  subject  to  verification.! 

ValVM  of  Ocostant  a. 

The  following  table  gives  the  values  of  the  constant  a  as  found  by  Steinmetz  for  a  number  of  different  spedmena. 

The  data  are  taken  from  bis  second  paper. 


Number  of 
specimen. 


I 

2 

3 
4 

I 

7 
8 

9 
10 

II 

12 

13 
14 

;i 

17 
18 

19 
20 


21 

22 

23 
24 
25 


26 


Kind  of  material. 


Iron 


It 


II 
Steel 


II 

«4 
l4 
l< 
l( 
II 
II 
II 
II 
II 


Cast  iron 


14 

II 


u 


Magnetite 

Nickel 
II 

14 

Cobalt 


Iron  filings 


Description  of  specimen. 


Norway  iron 

Wrought  bar 

Commercial  ferrotype  plate     .        .        .        r        . 

Annealed  "  " 

Thin  tin  plate 

Medium  thickness  tin  plate 

Soft  galvanized  wire  ...'... 

Annealed  cast  steel  . 

Soft  annealed  cast  steel 

Very  soft  annealed  cast  ste^ 

Same  as  8  tempered  in  cold  water  .... 
Tool  steel  glass  hard  tempered  in  water     ■     . 

"       "     tempered  in  oil.        .        .        .        .        . 

"       "     annealed 

Same  as  12, 13,  and  14,  after  having  been  subjected 
to  an  alternating  m.  m.  f.  of  from  4000  to  6coo 
ampere  turns  for  demagnetization  .... 
Gray  cast  iron 

**       "      "    containing  ^  %  aluminium 

II  II  II  II  1  Cf  II 

A  square  rod  6  sq.  cms.  section  and  6.5  cms.  long, 
from  the  Tilly  Foster  mines,  Brewsters,  Putnam 
County,  New  York,  stated  to  be  a  very  pure  sample 

Soft  wire 

Annealed    wire,    calculated    by    Steinmetz    from ) 

£wing*s  experiments ) 

Hardened,  also  from  Ewing's  experiments 
Rod  containing  about  2  %  of  iron,  also  calculated  ) 
from  Ewing's  exj>eriments  by  Steinmetz  .        . ) 

Consisted  of  thin   needle-like  chips  obtained  by 
milling  grooves  about  8  mm.  wide  across  a  pile  of 
thin  sheets  clamped  together.    About  30  %  by  vol- 
ume of  the  specimen  was  iron, 
ist  experiment,  continuous  cyclic  variation  of  m.  m. ) 

f.  180  cycles  per  second ) 

2d  experiment,  1 14  cycles  per  second 
3d  "  79~9i  cycles  per  second  . 


Value  of 

a. 


.00227 
.00326 
.00548 
.00408 
.00286 
.00425 


.00457 
.00318 

.02792 

.07476 

.02670 

.01899 

.06130 

.02700 

.01445 

.01300 

.01365 

.01459 

.02348 


.0122 


.0156 
.0385 
.0120 


.0457 
.0396 
•0373 


*  "Trans-  Am.  Inst.  Elect.  Enjc.''  January  and  September,  189a. 
t  See  T.  Gray,  "  Proc.  Roy.  Soc.»'  vol.  IvL 
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Table  473. 
ENERGY  L08SES  IN  TRANSFORMER 


Determined  by  the  wattmeter  method. 

Loss  per  cycle  per  cc^=  AB'-\-bHBii,  where  ^  =  flux  density  in  gausses  and  n  =  frequency  in 

cycles  per  second,  x  shows  the  variation  of  hysteresis  with  B  between  5000  and  \oooo  gausses, 

and  y  the  same  for  eddy  currents. 


Eip  per  Gramme  per  Cycle. 

Watts  per  Pound 

at6oCy- 

Thick- 

des and  loooo  Gausses.    '  1 

\ 

roooo  Gausses. 

5000  Gausses. 

Desigoatioo. 

ness, 
on* 

X 

y 

a 

1. 

Hyste- 
resis. 

TolaL 

Hyste- 
resis. 

Eddy  Cur- 
rents at 
6o- 

Hyste- 
resis. 

Eddy  Cur- 
rents at 
60- 

Unannealed 

• 

A 

00399 

1599 

186 

562 

46 

1.51 

2.02 

0.00490 

0.41 

4.35 

4.76     . 

B 

.0326 

1 1 56 

134 

384 

36 

1.59 

1.89 

.00358 

044 

K^ 

^•5| 

C 

.0422 

1032 

242 

356 

7° 

1.51 

1.79 

.00319 

0.47 

2.S1 

3-2« 

D 

.0381 

1009 

184 

353 

48 

1.52 

1.94 

.00312 

0.44 

2.74 

3.18 

Annealed 

E 
F 

.0476 
.0280 

^ 

236 
100 

246 
220 

58 
27 

\t, 

2.02 
1.88 

.00227 
.00206 

0.36 
0.44 

2.00     , 
I.81 

2.36 

2.25 

G 

.0394 

563       210 

*93 
138-5 

54 

'•54 

1.96 

.00174 

0.47 

1-53 

2.00 

H* 

.0307 

412       146 

39 

i.j8 
1.02 

1. 00 

.00127 

0-54 

1. 12 

1.66 

I 

.0318 

341 

202 

III. 5 

55 

1.08 

.doio5 

0.70 

0.93 

1.63 

k* 

.0282 

394 

124 

>30 

32 

1.61 

1.90 

.00122 

0.54 

1.07 

1. 61 

L 
B 

.0346 
.0338 

38^ 
354 

184 
200 

\% 

50 
57 

1.61 
1.61 

i.'8i 

.00118 
.00110 

0.535 
0.61 

'•035 
0.96 

1-57 
1-57 

M 

•0335 

372 

178 

127 

46 

1.62 

1-95 

.00115 

0.63 

1. 01 

1.56 

N 

.0340 

321 

210 

105 

56 

'•§2 

.00099 

0.87 

1.50 

P 

•0437 

334 

184 

107 

50 

1.64 

1.88 

.00103 

0.34 

0.91 

1.25 

Silicon  steels 

Qt 

.0361 

f^ 

54 

98 

15 

1.63 

- 

.00094 

0.14 

0.825 

0-965 

R 

•03 '5 

42 

93 

II 

1.64 

— 

.00089 

0.15 

a78 

0.93     ' 

S 

•0452 

278 

72 

90 

18 

1.63 
1.68 

— 

.00086 

0.12 

'S^' 

0.875 

T 

•0338 

250 

60 

78 

18 

— 

.00077 

0.18 

0.86 

U 

.0346 

270 

42 

86 

12 

1.66 

— 

.00084 

0.12 

°o:yi 

0.855 

V* 

.0310 

251.5 

47 

79 

13 

1.68 

- 

.00078 

0.17 

0.855 

w* 

•0305 

197 

^3 

62.3 

12.4 

1.67 

- 

.00061 

0.16 

0.535 

0.695 

X 

.0430 

200 

65 

64.2 

16.6 

1.65 

^ 

.00062 

0.12 

0.545 

a665  , 

•  German.  t  En«lish. 

}  In  order  to  make  a  fair  comparison,  the  eddy  current  loss  has  been  computed  for  a  thickness  of  0.0357  cm.  (G^e 
No.  39),  assuming  the  loss  proportional  to  the  thickness. 

Lloyd  and  Fisher,  Bull.  Bur.  Standards,  5,  p.  453 ;  1909. 

Hot*.  —For  fomite  aad  tablM  for  XtM  oalovUtloii  of  avtiua  aad  mU  iadmottaoo  mo  Bnltotla  Bunra 
of  Standtrto,  toL  8,  p.  l-a37,  1812. 
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Table  474. 
MAGNETIC  SUSCEPTIBILITY. 


zn 


If  9  is  the  intensity  of  magnetization  produced  in  a  substance  by  a  field  strength  |^,  then  the 
magnetic  susceptibility  H  s  51  /I9-  This  is  generally  referred  to  the  unit  mass ;  italicized  figures 
refer  to  the  unit  volume.  The  susceptibility  depends  greatly  upon  the  purity  of  the  substance,  es- 
pecially its  freedom  from  iron.  The  mass  susceptibility  of  a  solution  containing  p  per  cent  by  weight 
of  a  water-free  substance  is,  if  Ho  is  the  susceptibility  of  water,  (p/ioo)  H  -|-  (i  — p/ioo)  Ho. 


— I — 

a 


Substance. 


Ag 

AgCl 

Air,  I  Atm .... 

Al    * 

AljKal  804)434  HaO 
A,  I  Atm   .     .    .    . 

As 

Au 

B 

BaCla 

Be 

Bi 

Br 

C,  arc-carbon      .    . 
Cy  diamond    .    . 
CH4,  I  Atm. .         . 
COs,  I  Atm.  •     .     . 

CS2 

CaO 

CaCli 

CaCOs,  marble  .    . 

Cd 

CeBrs 

CIs,  I  Atm.     .    .     . 

C0CI2 

CoBr^ 

C0I2 

CbS04 

Co(N08)a.    .     .    . 

Cr 

CsCl 

Cu 

CuCl2 

CUS04 

CuS 

FcClg 

FeCJa 

FeS04 

Fe2(Nq3)«.  .  .  . 
FeCn8K4  .  .  .  . 
FeCn^Ks  .  .  .  . 
He,  I  Atm.  .  ,  . 
H2,  I  Atm. 
H2t  40  Atm.  .     .     . 

H2O 

HCl 

H2SO4 

HNOb 

Hg 

I 

In 

Ir 

K 

KCl 

KBr 

KI 

KOH 

K2SO4 

KMn04     .    .    .     . 
KNOg 


HXio« 

h 

H 
18° 

— O.IQ 

—0.28 

■\-0.024 

\l 

+0.65 

— 1,0 

— 0,10 

0 

— 0-3 

18 

—0.15 

18 

— D.71 

18 

-0.36 

20 

+0-79 

iq 

—1.4 

19 

—0.38 

18 

—2.0 

18 

—0.49 

18 

■\-o.ooi 

16 

+0,002 

16 

-0.77 

18 

—0.27 

16 

— 0.40 

19 

—0.7 

—0.17 

18 

+6.3 

r8 

—0.59 

16 

+90. 

18 

+47- 

r8 

+33- 

18 

+57. 

19 

+57. 

18 

■+-3-7o 

18 

—0.28 

17 

— 0.09 

18 

--12. 

20 

--10. 

20 

-1-0. 1 6 

>7 

4-90- 

18 

+^2. 

18 
20 

+  50. 

18 

-0.44 

+9-1 

— 0.002 

0 

0.000 

16 

0.000 

16 

—0.79 

20 

— oJSo 

20 

+0.78 

20 

— 0.70 

20 

— 0.19 

.20 

—0.4 

20 

o.i± 

18 

+0.15 

18 

.-I-0.40 

20 

— 0.50 

20 

—0.40 

20 

-0.38 

20 

-0-3S 

22 

—0.42 

20 

-f2.0 

—0-33 

20 

Remarks 


Crys. 


Powd. 


Powd. 


(« 


Sol'n 


<t 

(( 

t4 


Powd. 

SoPn 

Sol'n 

Powd. 

Sol'n 
if 

11 
Powd. 


Substance. 


Sol'n 


KsCOg  •    .    1    . 

Li 

Mb 

Mg 

MgS04.  .  .  . 
Mn 

MnCla  .  .  .  . 
MnS04.  .  .  . 
N2,  I  Atm.  .  . 
NHg      .    .    .    . 

Na 

NaCl  .  .  .  . 
NaCOg.  .  .  . 
NaCOg.  10  HgO 
Nb  .  .  .  . 
NiCla  .  .  .  . 
NiS04  .  .  .  . 
02t  I  Atm.     .     I 

Os 

P.  white  .  .  . 
P,  red    .    .     . 

Pb 

PbClg 

Pd 

PrClg     .    .    . 
Pt 

PtCU     .     .    . 
Rh    .    .     .    . 

S 

SO2,  I  Atm.  . 

oD       .       .      .       . 

Se     .    .    .    . 

Si 

SiOa,  Quartz  .  , 
— Glass.    .     . 

Sn 

SrCla     .     .     .     . 

Ta 

Te 

Th 

Ti 

Va    .    .     .    .    . 

Wo 

Zn 

ZnS04  .     .     .     . 

Zr 

CHgOH     .     .     . 
C2H6OH  . 
CgH70H  . 

C2H«OC2H6  .      . 

CHClg  .    .  .  . 

CgHg     .    .  .  . 

Ebonite     .  .  . 

Glycerine  .  .  . 

Sugar    .     .  .  . 

Paraffin      .  .  . 

Petroleum.  .  . 

Toluene     .  .  . 

Wood   .    .  .  . 

Xylene .     .  .  . 


HXio« 


— 0.50 
+0.38 
-(-0.04 

+0.55 
— 0.40 

-hii. 
-I-122. 

4-100. 

0.001 
— I.I 

4-0.51- 

—0.50 
—0.19 
— 0.46 

+.•3 

+40. 

+30. 

-I-0.I20 
4-0.04 
— 0.90 
—0.50 
—0.12 
— 0.25 

-h5.8 

4-13- 

+  1.1 
0.0 

-hi.i 
—0.48 
—0.30 
—0.94 
— 0.32 

— O.I2 
—0.44 

-o.5± 

4-0.03 

—0.42 

4-0.93 
— 0.32 

-1-0. 1 8 

4-3.1 

-hi.5 

4-0-33 
-0.15 

— 0.40 

—0.45 

—0.73 
—0.80 

—0.80 

— 0.60 

-0.58 

—0.78 

—0.64 

—0.57 
—058 
—0.91 

—0.77 
— 0.2-5 
—0.81 


20" 

18 
18 

18 
18 
18 
16 

r8 
20 

17 

17 
18 

18 

20 

20 

20 

20 

20 

20 

W 

18 
18 
22 
18 
18 
16 
18 
18 
18 
20 

20 
20 
18 
20 
18 
18 
18 
20 
18 

18 


20 


22 


Remarics 


SoPn 


SoPn 


Powd. 


i< 


Sorn 


Powd. 

SoFn 

Sol'n 


Crys. 


Sol'n 


Values  are  mostly  means  taken  of  values  given  in  Landolt-Bdmstein's  Phytikalisch-chemiiche  Tabellen.    See  espe- 
cially Honda,  Annalen  der  Physik  (4),  32,  1910. 
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Table  4  75. 
MAGNETO-OPTIC  ROTATION. 


Faraday  discovered  that,  when  a  piece  of  heavy  glass  is  placed  in  magnetic  field  and  a  beam 
of  plane  polarized  light  passed  through  it  in  a  direction  pairallel  to  the  lines  of  magnetic  force, 
the  plane  of  polarization  of  the  beam  is  rotated.  This  was  subsequently  found  to  be  the  case 
with  a  large  number  of  substances,  but  the  amount  of  the  rotation  was  found  to  depend  on  the 
kind  of  matter  and  its  physical  condition,  and  on  the  strength  of  the  magnetic  field  and  the 
wave-length  of  the  polarized  light.    Verdet's  experiments  agree  fairly  well  with  the  formula — 

where  r  is  a  constant  depending  on  the  substance  used,  /  the  length  of  the  path  through  the 
substance,  N  the  intensity  of  the  component  of  the  magnetic  field  in  the  direction  of  the  path 
of  the  beam,  r  the  index  of  refraction,  and  \  the  wave-length  of  the  light  in  air. ,  \i  //ht  dif- 
ferent, at  different  parts  of  the  path,  IH  is  to  be  taken  as  the  integral  of  the  variation  of  mag- 
netic potential  between  the  two  ends  of  the  medium.  Calling  this  difference  of  potential  v,  we 
may  write  9=Avt  where  A  is  constant  for  the  same  substance,  kept  under  the  same  physical 
conditions,  when  the  one  kind  of  light  is  used.  The  constant  A  has  been  called  '*  Verdet's  con- 
stant," *  and  a  number  of  values  of  it  are  given  in  Tables  476-480.  For  variation  with  tempera- 
ture the  following  formula  is  given  by  Bichat :  — 

^  =  ^0(1—  0.00104/  —  aooooi4/*), 

which  has  been  used  to  reduce  some  of  the  results  given  in  the  table  to  the  temperature  corre- 
sponding to  a  given  measured  density.  For  change  of  wave-length  the  following  approximate 
formula,  given  by  Verdet  and  Becquerel,  may  be  used  :  — 

where  il  is  index  of  refraction  and  A  wave-length  of  light. 

A  large  number  of  measurements  of  what  has  been  called  molecular  rotation  have  been  made, 
particularly  for  organic  substances.  These  numbers  are  not  given  in  the  table,  but  numbers 
proportional  to  molecular  rotation  may  be  derived  from  Verdet's  constant  by  multiplying  in  the 
ratio  of  the  molecular  weight  to  the  densitv.  The  densities  and  chemical  formulae  are  given  in 
the  table.  In  the  case  of  solutions,  it  has  Seen  usual  to  assume  that  the  total  rotation  is  simply 
the  algebraic  sum  of  the  rotations  which  would  be  given  by  the  solvent  and  dissolved  substance, 
or  substances,  separately ;  and  hence  that  determinations  of  the  rotary  power  of  the  solvent 
medium  and  of  the  solution  enable  the  rotary  power  of  the  dissolved  substance  to  be  calculated. 
Experiments  by  Quincke  and  others  do  not  support  this  view,  as  very  different  results  are 
obtained  from  different  degrees  of  saturation  and  from  different  solvent  media.  No  results  thus 
calculated  have  been  given  in  the  table,  but  the  qualitative  result,  as  to  the  sign  of  the  rotation 
produced  by  a  salt,  may  be  inferred  from  the  table.  For  example,  if  a  solution  of  a  salt  in  water 
gives  Verdet*s  constant  less  than  0.0130  at  20°  C,  Verdet's  constant  for  the  salt  is  negative. 

The  table  has  been  for  the  mostpart  compiled  from  the  experiments  of  Verdet,t  H.  Becqne- 
rel,t  Quincke,  §  Koepsel,||  Arons,!  Kundt,**  Tahn,tt  Schonrock,}!  Gordon,  §§  Rayleifirh  and 
Sidgewick,||||  Perkin,irir  Bichat*** 

As  a  basis  for  calculation,  Verdet's  constant  for  carbon  disulphide  and  the  sodium  line  D  has 
been  taken  as  0.0420  and  for  water  as  aoi30  at  20°  C. 

*  The  constancy  nf  this  quantity  has  been  verified  through  a  wide  range  of  variation  of  magnetic  field  by 
H.  E.  J.  G.  Du  Bois  (Wied.  Ann.  vol.  35),  P-  »37»  «888. 

t  "  Ann.  de  Chim.  et  de  Phys."  m  vol.  53,  p.  129,  1858. 

X  "  Ann.  de  Chim.  et  de  Phys.**  [SJ  vol.  la;  "  C.  R.*'  vols.  90,  p.  1407,  1880,  and  100,  p.  1374,  1885. 

§  "  Wied.  Ann."  vol.  24,  p.  606,  1885. 

II  **  Wied.  Ann.»»  vol.  26.  p.  456,  1885. 

%  •*  Wied.  Ann.»»  vol.  24,  p.  161,  1885. 
•*  "  Wied.  Ann.**  vols.  33,  p.  228,  1884,  and  27,  p.  191,  1886. 
tt  "  Wied.  Ann.**  vol.  43,  p.  280,  1891. 
XX  "Zeits.  fUr  Phys.  Chem.**  vol.  11,  p.  753,  1893. 
$$  •'  Proc.  Roy.  Soc.'*  36,  p.  4,  1883. 
II  ij  ••  Phil.  Trans.  R.  S."  176,  p.  343,  1885. 
HU  "Jour.  Chem.  Soc.** 
•*•  "Jour,  de  Phys.**  vols.  8,  p.  204,  1S79,  and  9,  p.  204  and  p.  275,  1880. 
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Table  476. 
MAQNETO-OPTIC  ROTATION, 

8oUds. 
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SubsUnoe. 

Wave- 
length. 

Vefdet's 
Constant. 
Minutes. 

Temp.  C. 

Authority. 

Amber 

0.589 

0.0095 

18-20° 

Quincke. 

Blende 

ZnS 

u 

0.2234 

15 

Becquerel. 

Diamond 

C 

M 

0.0127 

15 

u 

Lead  borate     .... 

PbBa04 

a 

0.0600 

15 

u 

Selenium     .    .    .    ... 

8e 

0.687 

0.4625 

IS 

ti 

Sodium  borate     .    .    . 

Cusb 

tM 

0.0170 

15 

u 

Ziqueline 

0.5908 

15 

II 

Fluorite 

CaFla  • 

0.2534 

0.05989 

20 

Meyer,  Ann.  der 

•3655 

•435» 

.02526 

«< 

Physik,  30,  1909. 

.01717 

M 

• 

.4916 
.589 

.01J29 
.00897 

M 

1. 00 

.00300 

M 

2.50 

.00049 

it 

3.00 
0.589 

xxx>3o 
0.0161 

18 

DuBois,  Wied.  Ann. 

Glass,  Jena:  Medium  ph( 

osphate  cm. 

H  cavy  crown,  0 1 1 43    . 

•1 

0.0220 

l( 

51,  1894. 

Light  flint,       O451      . 

« 

0.0317 
0.0608 

(1 

Heavy  flint      O500 

II 

<l 

S163.    . 

i< 

0.0888 

« 

Zeiss,  Ultraviolet 

03 '3 

0.0674 

16 

Landau,    Phys.   ZS. 

ti 

0.405 
0.430 
0.2194 

.0369 

l< 

9,  1908. 

II 

.0311 
0.1587 

M 

20 

Borel,  Arch.  sc.  phys. 

Quartz,  along  axis,  i.e.. 

SiOj 

plate  cut  1  to  axis 

•2573 
•3009 

.1079 
.04617 

II 
u 

i6,  1903. 

• 

.4800 

.02574 
.01064 
.01368 

II 

.C892 
•0439 

II 
II 

Rock  salt 

NaCl 

0.2599 

a27o8 

20 

Meyer,  as  above. 

.3100 

.1561 

i« 

.4046 

.0775 

II 

.4916 

.0483 

i« 

• 

.6708 

.0245 

i< 

I.OO 

.01050 
.00202 

II 

2.00 

i< 

4.00 

.00069 

II 

Sugar,  cane :  along 

CisHnOii 

0.451 

.0122 

20 

Voigt,  Phys.  ZS.  9, 

axis  IIA 

.540 
.626 

.0076 

II 

1908. 

. 

.0066 

M 

axis  IIA^      .    . 

•- 

0.451 

0.0129 

«l 

.540 
.626 

.0084 

11 

.0075 

M 

Sylvine 

KCl 

04358 
!67o8 

0.0534 
.0316 
.02012 

20 
II 

II 

Meyer,  as  above. 

.90 

,01051 

M 

1.20 

.00608 

II 

2.00 

.00207 

II 

4.00 

.00054 

« 

. 1 
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Table  477. 
MACNETO-OPTIC  ROTATION. 

LUmidft:  VtrtflfB  OautiBtfor  X=0.688ac. 


Density  in 

Veidet^s 

1 

Substance. 

Chemical  formula. 

grams  per 
c.  c. 

constant 
in  minutes. 

Temp.  C. 

Aathoritj. 

Acetone 

CgHeO 

0.7947 

0.01 13 

20° 

Jahn. 

Acids :  Acetic 

C2H4O2 

1. 0561 

.0105 
.0116 

21 

Perkin. 

"       Butyric 

C4H8OS 

0.9663 

15 

M 

"       Formic 

CHjOs 

1.2273 

.0105 

4( 

(i 

"       Hydrochloric 

HCl 

1.2072 

.0224 

M 

(( 

•*       Hydrobromic 

HBr 

1.7859 

•0343 

U 

II 

"       Hydroiodic 

HI 

1-9473 

.0515 

U 

<i                          ! 

"       Nitric 

HNOg 

1.5190 

•    .0070 

13 

<i 

"       Sulphuric 

HsS04 

.0121 

15 

Becquerd. 

Alcohols :  Amy] 

CsHuOH 

0.8107 

.0128 

20 

Jahn. 

Butyl 

C4H9OH 

0.8021 

.0124 

u 

ii 

Ethyl 

CaHfiOH 

0.7900 

.0112 

«( 

II 

Methyl 

CHsOH 

0.7920 

.0093 

« 

• 

Propyl 

CsHtOH 

0.8042 

.0120 

«( 

II 

Benzol 

CeHe 

0.8786 

.0297 

u 

(1 

Bromides :  Bromoform 

CHBra 

2.9021 

.0317 

15 

Perkin. 

Ethyl 

CaHfiBr 

1.4486 

.018- 
.0268 

t( 

II 

•*           Ethylene 
Methyl 

C2H46rs 

2.1871 

« 

II 

CHgBr 

17331 

.0205 
.0276 

0 

i«                  1 

1 

"           Methylene 

C  HjBra 

2.4971 

15 

11                  1 

Carbon  bisulphicle 

CS.2 

•0433 

0 

Gordon- 

u                            •« 

*< 

— 

.0420 

18 

Kayleigh. 

Chlorides :  Amyl 

CHCl 

0.8740 

.0140 

20 

Jahn. 
BecquereL 

**           Arsenic 

AsCls 

— 

.0422 

15 

♦*           Carbon 

CCI4 

— 

.0321 

u 

41 

"           Chloroform 

CHCU 

1.4823 

.0164 

20 

Jahn. 

Ethyl 

C2H5CI 

0.9169 

0.0138 
.0166 

6 

Perkin. 

Ethylene 

C2H4CIS 

1.2599 

IS 

u 

**           Methyl 

CHgCl 

.0170 

»4 

BecquereL 

Methylene 

CHaClj 

1-3361 

.0162 

M 

Perkin.       "     | 

Sulphur  bi- 

S2CI2 

•0393 

<c 

BecquereL 

Tin  tetra 

SnCU 

— 

.0151 

« 

ti 

Zinc  bi- 

ZnCls 

— 

•0437 

II 

11 

lodides :  Ethyl 
Methyl 

C2HfiI 

1.9417 

.0296 

w 

Perkin. 

CH3I 

2.2832 

•0336 

II 

II 

"         Propyl 

C8H7I 

1.7658 

.0271 

tf 

K 

Nitrates :  Ethyl 
Methyl 

CjHsO.NOa 

1.1149 

.0091 

« 

•1 

CHgO.NOa 

1.2157 

.0078 

" 

II 

Propyl 

CjHtO.NOj 

1.0622 

.0100 

14 

II 

Paraffins:  Heptane 

C7H16 

0.6880 

.0125 

« 

«< 

"          Hexane 

CeHu 

0.6743 

.0125 
.0115 

W 

<« 

"           Pentanc 

CsHia 

0.6332 

l( 

II 

Phosphorus,  melted 
Sulphur,  melted 

P 
S 

z 

.1316 
.0803 

33 
114 

BecquereL 
II              ) 

1 

Toluene 

CtH, 

0.8581 

.0269 

28 

Schonrock. 

Water,  \  =  0.2496  fi 

H2O 

.1042 

See  Meyer, 
Ann.  aer 

0.275 

.0776 

0.3609 

.0384 

Physik,  30. 

0.4046 

.0293 

1909.  Meas- 

0.500 

.0184 

ures  by 

0.589 

.0131 

Landau, 

0.700 

.0091 

Siertsema, 

I.OOO 

.00410 

Ingersoll. 

'•300 

.00264 

Xylene 

CaHio 

0.8746 

.0263 

27 

Schonrock. 
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Table  478. 

MAGNETO-OPTIC  ROTATION. 

Soimioiig  of  aoldi  ma  itlti  in  wattr.    Voiitof •  oooftant  for  a  =  0.688m* 


38r 


Chemical         ^ 
forinula.            ' 

ensity, 
jams 

Verdet»i 
constant 

Temp. 
C. 

• 

Chemiod 
formuB. 

Density, 
grams 

Verdet's 
constant 

*              *         A 

Temp. 
C. 

• 

rr  c.  c 

in  minutes. 

per  c.  c. 

m  minutes. 

CaHeO            o 

9715 

0.0129 

20° 

J 

LiCl 

I.0619 

0.0145 

20° 

J 

HBr                I 

•3775 

0.0244 

If 

P. 

II 

1.03 16 

0.0143 

It 

II 

«i                   . 

.1163 

0.0168 

■  II   . 

II 

1 

1 

MnCls 

1. 1966 

0.0167 

15 

B 

HCl                I 

■'573 

0.0204 

II 

ll 

II 

1.0876 

0.0150 

ti 

II 

u                      r 

.0762 

0.0168 

II 

II 

HgCla 

1.0381 

0.0137 

16 

S 

II                      1 

.0158 

0.0140 

II 

J 

II 

1.0349 

0.0137 

II 

II 

HI                   I 

•9057 

0.0499 

II 

P 

NiCla 

1.4685 

0.0270 

15 

B 

II                     1 

■4495 

0.0323 

(1 

II 

II 

1.2432 

0.0196 

II 

II 

II                     1 

.1760 

0.0205 

i( 

II 

II 

I.1233 

0.01 02 

II 

II 

HNOa            I 

.3560 

0.0105 

II 

II 

Kcr 

1.6000 

0.016' 
0.01 4^ 

i< 

II 

NHs               0 

.8918 

0.0153 
0.0226 
0.0186 

15 

II 

II 

1.0732 

20 

J 

Nn4Br            I 
1       II        •         J 

.2805 
.1576 

II 
II 

ll 

II 

NaCl 
ii 

1. 2051 
1.0546 

0.0180 
0.0144 

15 
«i 

B 

II 

BaBrs              i 

■5399 

0.0215 
0.0176 

20 

J 

ll 

1.0418 

0.0144 

II 

J 

it                   J 

■2855 

t< 

•  1 

SrClj 

1. 1921 
1.0877 

0.0162 

II 

II 

CdBra              i 

■3291 

0.0192 

u 

II 

it 

0.0146 

II 

II 

ii                  J 

.1608 

0.0162 

II 

II 

SnCla 

1.3280 

0.0266 

15 

V 

CaBrj              I 

.2491 

0.0189 

II 

II 

II 

I.III2 

0.0175 
0.0196 

II 

<i 

II                   « 

•1337 

0.0164 

II 

II 

,  ZnCla 

1-2851 

II 

II 

KBr                 I 

.1424 

0.0163 

II 

It 

1      '* 

I.I  595 

O.OI61 

II 

II 

II                   1 

.0876 

0.0151 

II 

II 

KaCrOi 

1.3598 

0.0098 

II 

II 

NaBr               i 

.0824 

0.0165 

II 

II 

KaCraOT 

1.0786 

0.0126 

II 

It 

11                   J 

0.01  S2 
0.0186 
0.0159 

II 

II 

Hg(CN)a 

1.0638 

0.0136 

16 

s 

SrBr,               I 
II                  * 

.2901 
.1416 

II 
II 

II 
U 

4l 
NH4I 

i.o6os 
1.5948 

0.0135 
0.0396 

II 
15 

p 

K,COg            I 

.1906 

0.0140 

20 

II 

II 

1.5109 

0.0358 

1* 

*<     1 

NajCOg           I 

.1006 

0.0140 

II 

(1 

II 

1.2341 

0.0235 

II 

II 

*•                 1 

.0564 

0.0137 

II 

II 

Cdl 

1.5156 

0.0291 

20 

J 

NH4CI            I 

.0718 

0.0178 

15 

V 

tl 

1.1521 

0.0177 

II 

«< 

BaCla              I 

.2897 

0.0168 

20 

J 

KI 

1.6743 
1-3398 

0.0338 

15 

B 

II                  « 

•'338 

0.0149 

II 

II 

II 

0.0237 
0.0182 

u 

II 

CdCla             I 

•3179 

0.0185 

II 

II 

II 

1.1705 

u 

<c 

II                  J 

2755 

0.0179 

II 

II 

Nal 

I- 1939 

0.0200 

tt 

J 

M                                   « 

■1732 

0.0160 

II 

II 

II 

1.1191 

0.0175 

II 

it 

II                                   I 

i53> 

0.0157 
0.0165 

i« 

II 

NH4NO8 

1.2803 

O.OI  21 

15 

p 

CaCla              I 

.iro4 
.0832 

II 

II 

KNOg 

1.0634 

0.0130 

20 

J 

II                  1 

0.0152 

II 

II 

NaNOg 

1.1112 

0.01 31 

M 

ll 

CuCla              I 

5' 58 

0.0221 

15 

B 

UaOgNaOg 

2.0267 

0.0053 

11 

B 

II                   1 

1330 

o.oi  56 

II 

II 

>t 

1.1963 

0.01 1 5 

« 

II 

FeCla              I 

•4331 

0.0025 

15 

II 

(NH4)2S04 

1.2286 

0.0140 

15 

P 

II                  1 

.2141 

0.0099 

14 

II 

NH4.HS04 

1.4417 

aoo85 

II 

(1 

II                                                            T 

.1093 

0.01 18 

11 

M 

BaS04 

1.1788 

0.0134 

20 

J 

FeaCl.             I. 

6933- 

— 0.2026 

II 

II 

II 

1.0958 

0.0133 

«< 

(1 

II                 '  1 

:53i5 

^0.1140 

ll 

II 

CdS04 

1. 1762 

0.0139 

II 

II 

M                                   1 

3230 

— 0.0348 

II 

II 

11 

1.0890 

0.0136 

CI 

CI 

«                                   1 

.1681 

—0.0015 

II 

l< 

Li2S04 

1. 1762 

0.0137 

It 

II 

**                                  I 

0864 

0.0081 

tl 

II 

MnSC)4 

1.2441 

0.0138 

II 

«l 

(1                                   1 

0445 

0.01 13 

II 

(1 

K2SO4 

1-0475 

0.0133 

M 

11 

M                                   1 

0232 

0.0122 

II 

II 

NaS04 

1. 0661 

0.0135 

<l 

M 

*  J,  Jahn,  P,  Perkin,  V,  Verdet,  B,  Becquerel,  S,  SchOnrock ;  see  p.  378  for  references. 
Snjtnsonian  Tables. 
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Tables  479|  480. 


TABLB  479.  -KMMlO-Optlo  BotettOB. 


1 

Veidet's 

# 

Substance.                         * 

PretMire* 

Temp. 

constant  in 
minutes. 

Authority. 

1 

Atmospheric  air      ...        . 

Atmospheric 

Ordinary 

6.83  X  IO-« 

BecauereL 

Carbon  dioxide 

M 

u 

13.00      " 

Carbon  disulphide  . 

74  cms. 

70«C. 

23.49      " 
34.48      " 

Bichat. 

Ethylene         .        .        .        ■ 

Atmospheric 

Ordinary 

Becquerel. 

Nitrogen 

ct 

M 

6.92      « 

u 

Nitrous  oxide .        ,        .        ■ 

tt 

M 

16.90      " 

(( 

Oxygen 

Sulphur  dioxide     . 

.u 

i( 

6.28      " 

a 

• 

u 

a 

31.39      " 

« 

U              u 

•        «        f        « 

246  cms. 

20OC. 

3840      " 

Bichat. 

See  also  Siertsema,  Ziting.  Kon.  Akad.  Watt.,  Amsterdam,  7,  1899;  8, 1900. 

Du  Bois  shows  that  in  the  case  of  substances  like  iron,  nickel,  and  cobalt  which  have  a  variable 
magnetic  susceptibility  the  expression  in  Verdet's  equation,  which  is  constant  for  substances  of  cod- 
stant  susceptibility,  requires  to  be  divided  by  the  susceptibility  to  obtain  a  constant  For  this 
expression  he  proposes  the  name  "  Kundt's  constant.*'  These  experiments  of  Kundt  and  Du 
Bois  show  that  it  is  not  the  difference  of  magnetic  potential  between  the  two  ends  of  the  medium, 
but  the  product  of  the  leneth  of  the  medium  and  the  induction  per  unit  area,  which  controls  the 
amount  of  rotation  of  the  beam. 


TIBLB  4B0.— ▼ndifB  aad  Kuftt'i  OoDiimi. 


The  following  short  table  is  quoted  from  Du  Bois*  paper.    The  quantities  are 
measure  (radians)  being  used  in  the  expression  of  **  Verdet*s  constant  '*  a 


stated  in  c  c.  s.  measure, 
and  "  Kundt's  constant.** 


Name  of  substance. 

Magnetic 
susceptibility. 

Verdet's  constant. 

Wave-length 
pi  light 
in  cms. 

Kam1t*s 
constant. 

Number. 

Atttbdrity. 

Cobalt      . 
Nickel     . 
Iron 

Oxygen  :  i  atmo.    . 
Sulptiur  dioxide 
Water      . 
Nitric  acid 
Alcohol    . 
Ether. 

Arsenic  chloride 
Carbon  disulphide  . 
Faraday's  glass 

-|-O.OI26XlO-» 

—  0.0751       " 

—  0.0694      " 
-0.0633       '* 

—  0.0566      ** 

—  ao54i     " 

—  0.0876     ** 

—  0.0716     ** 
0.0982     " 

0.000179  X  lO"* 
0.302              " 

0.377              *• 
0.356 

0.330 

0.315              " 
1.222                •* 
1.222                " 

1738 

Becquerel. 

Arons 
Becquerel. 
De  la  Rive. 

Becquerel. 

Rayleigh. 

Becquerel. 

6.44  X  IO-* 
6.56      •* 

5^9     « 

ft 
«( 
«i 
«i 
(• 
«( 
(i 

M 

1 

3-99 

2.63 
0.014 
—4.00   . 

=11 

—14.9 
—17,1 

—17-7 

Smitnsonian  Tables. 
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TABLE  4tl.  —  ValVM  of  Kanr*!  OoBitanL* 
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Du  Bois  has  shown  that  the  rotation  of  the  major  axU  of  vibration  of  radiations  normally  reflected  from  a  maj^net  is 
algebraically  equal  to  the  normal  component  of  magnetisation  multiplied  into  a  constant  K.  He  calls  this  con> 
stant  iif,  Kerr*s  constant  for  the  magnetised  substance  forming  the  magnet. 


Color  of  light. 


Red  . 
Red  . 
Yellow 
Green 
Blue  . 
Violet 


Spectrum 
line. 


Li 


D 
h 
F 
G 


Wave- 
length 
in  cms. 
Xio» 


67.7 
62.0 
58.9 

51-7 
48.6 

43-1 


Kerr's  constant  in  minutes  per  c.  g.  s.  unit  of  magnetization. 


.   Cobalt. 

.0208 
.0198 
.01*93 
.0179 
.0180 
.0182 


Nickel. 


0173 
— 0.0160 

—0.01 54 

—0.0159 

— 0.0163 

—0.0175 


Iron. 


0.0154 

0.0138 

0.0130 

.01 1 1 

1.OIOI 

1.0089 


Magnetite. 


-|- 0.0096 
+0.0120 
+0.0133 
+0.0072 

+aoo26 


•  H.  £.  J.  G.  Du  Bois,  "  PhU.  Mag."  vol.  39- 


TABLB  482.  —  Dlfliptnlon  of  Kan  Blfoot 


Wave-length. 

0.5/ui 

I.0fl 

I.5M 

a.ofi 

a.Sf* 

oteei      •    •    . 

—II'. 

—16'. 

-14'. 

—II'. 

-9^.0 

Cobalt  .    .    . 

—  9-5 

—11.5 

-9-5 

— II. 

-6.5 

Nickel  .    .    . 

—  5.5 

—  4.0 

0       , 

+^•75 

+30 

Field  Intensity  =:  10,000  C.  G.  S.  units.     (Intensity  of  Magnetization  =  about  800  in  steel,  700  to  800  in  cobalt, 
about  400  in  nickel).    Ingersoll,  Phil.  M^.  11,  p.  41,  1906. 


TABLB  483.  —  Dlflipinlai  of  Kan  ElfMt 


Mirror. 

Field 
(C.  G.  S.) 

•4>/* 

.44^ 

.48M 

.52^ 

.S6fi 

.66fA 

.64M 

.66(a 

Iron      .    . 

21,500 

-.25 

—.26 

—.28 

—•31 

-36 

—.42 

—•44 

—•45 

Cobalt  .    . 

20,000 

-36 

-•35 

—•34 

—•35 

-•35 

—•35 

—•35 

-.36 

Nickel  .     . 

19,000 

—.16 

—•15 

—•13 

— -^3 

—.14 

—.14 

—.14 

—.14 

Steel     .    . 

19,200 

—•27 

• 

—.28 

— -31 

-•35 

-.38 

—.40 

—.44 

-•45 

Invar    .    . 

19,800 

— .22 

—•23 

-.24 

—•23 

—•23 

—.22 

—•23 

—•23 

Magnetite 

16,400 

—.07 

—.02 

+.04 

+.06 

+.08 

+.06 

+.«4 

+.03 

Foote,  Phys.  Rev.  34,  p.  96,  1912. 

See  also  Ingersoll,  Phys.  Rev.  35,  p.  312,  191a,  for  "The  Kerr  Rotation  for  Transverse  Magnetic  Fields,*'  and 
Snow,  1.  c.  a,  p.  39,  19x3,  "  Magneto-optical  Parameters  of  Iron  and  Nickel.'' 

Smithsonian  Tables. 
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Tables  484-486. 
RESrSTANCE  OF  METALS.    MAGNETIC  EFFECTS. 


TABLE  4M.— TarlAtloii  of  BeiUUnoo  of  Blmmth,  with  Temporaiiire,  Ia 

Vagnotio  field. 


a  TrangrerM 


Proportional  Values  of  Resiatance. 


H 

-192- 

-135' 

-100* 

1 

-37* 

o* 

+i8* 

0 

0.40 

0.60 

0.70 

0.88 

z.oo 

z.08 

2000 

Z.16 

0.87 

0.86 

0.96 

Z.08 

z.zz 

4000 

2.32 

1. 35 

1.20 

1. 10 

Z.I8 

Z.2I 

6000 

4.00 

2.06 

1.60 

Z.29 

Z.30 

1.32 

8000 

5.90 

2.88 

2.00 

1.50 

1.43 

Z.42 

zoooo 

8.60 

3.80 

2.43 

1.72 

Z.S7 

I.S4 

I3O0O 

10.8 

4.76 

2.93 

1.94 

Z.7Z 

Z.67 

lAOOO 
16000 

Z2.9 

5.82 

3.50 

2.16 

Z.87 

Z.80 

I5'2 

6.95 

4.1 1 

2.38 

2.02 

Z.93 

18000 

17.S 

8. IS 

4.76 

2.60 

2.18 

2.06 

20000 

19.8 

9.50 

540 

2.8  z 

2.33 

2.20 

25000 

25.5 

13.3 

7.30 

3-50 

2.73 

2.52 

30000 

30.7 

18.2 

9.8 

4.20 

3.Z7 

2.86 

35000 

35-5 

20.3S 

12.2 

4-95 

3.62 

3.25 

+6o<: 


Z.25 
Z.26 
Z.3C 
Z.39 
Z.46 

154 
Z.62 
Z.70 

1.79 
Z.88 

1.97 
2.22 

2.A6 

2.69 


+  100° 

+z8j^ 

1.42 

Z.79 

!-« 

1.80 

1.46 

Z.82 

Z.5Z 

Z.8S 

Z.57 

Z.87 

z.62 

I.S9 

1.67 

Z.92 

Z.73 

Z.94 

z.80 

Z.96 

z.87 

1.99 

Z.9S 

2.03 

2.Z0 

2.09 

2.28 

2.Z7 

2^5 

2.35 

YABLB  489.  —  iMTotM  of  Rooiitanoo  of  Nlokol  Auo  to  t  Tnnsrone  Kagiiftto 
Fioid,  ezpnoMd  u  %  of  Reiistuioo  it  0^  and  H= 0. 


H 

• 

-Z90^ 

-75° 

oo 

+z8° 

+  100° 

+Z820 

0 

+0 

0 

0 

0 

0 

0 

zooo 

+0.20 

+0.23 

+0.07 

+0.07 

+0.96 

+0.04 

2000 

+0.17 

-I-0.I6 

+0.03 

+0.03 

+0.72 

—0.07 

3000 

0.00 

-0.05 

-0.34 

—0.36 

—0.14 

—0.60 

4000 

—0.17 

-0.15 

—0.60 

—0.72 

—0.70 

—  Z.Z5 

6000 

—0.19 

-0.20 

—0.70 

-0.83 

—  1.02 

-I. S3 

8000 

—0,19 

-0.23 

-0.76 

,    —0.90 

—  z.zs 

-Z.66 

1 0000 

-0.18 

-0.27 

-0.82 

-0.95 

—  1.23 

—  z.76 

12000 

-0.18 

—0.30 

-0.87 

—  I.OO 

—z.30 

—  z.8s 

14000 

—0.18 

-0.32 

—0.91 

—  1.04 

-1.37 

-Z.95 

Z6000 

—0.17 

-0.35 

-0.94 

— Z.09 

-Z.44 

—2.05 

Z8000 

—0.17 

—0.38 

-0.98 

-Z.I3 

-i.Si 

—  2.Z5 

20000 

-o.i6 

—0.41 

—  Z.03 

-Z.I7 

-Z.59 

—2.25 

25000 

—0.14 

-0.49 

-Z.I2 

—  z.29 

—  Z.76 

—2.50 

30000 

—  0.13 

-0.56 

—  Z.22 

—1.40 

-1.95 

-2.73 

35000 

— O.IO 

—0.63 

—  Z.32 

—  Z.50 

—2.13 

—  2.98 

F.  C.  Blake,  Ann.  der  Physik,  28,  p.  449;  i909' 


VABLB  486.— Olumffo  oi  RoiUtanoo  of  Vorions  Kotili.  in  ft  TnuuiTono  llaciotio  FIftld. 

Room  ToBipontiirt. 


Metal. 

Field  Strength 
in  Gausses. 

Per  cent 
Increase. 

Authority. 

Nickel 

zoooo 

-1.2 

Williams,  Phil.  Mag.  9.  1905. 

•* 

«« 

-1.4 

Barlow.  Pr.  Roy.  Soc.  7Z,  Z903. 

<« 

6000 

—  Z.0 

Dagostino.  Atti  Ac.  Line.  Z7.  Z908. 

«« 

zoooo 

-Z.4 

Grummach,  Ann.  der  Phys.  22,  Z906. 

Cobalt 

«i 

-0.53 

.< 

Cadmium 

•• 

+0.03 

•• 

Zinc 

«. 

+0.0Z 

«• 

Copper 

«• 

+0.004 

•• 

Silver 

<« 

+0.004 

•« 

Gold 

•  i 

+0.003 

.« 

Tin« 

■  < 

+0.002 

.. 

Palladium 

•  • 

+0.00  r 

«« 

Platinum 

ii 

+0.0005 

<« 

Lead 

«< 

+0.000A 

•• 

Tantalum 

<« 

+0.0003 

•. 

Magnesium 

6000 

+0.0Z 

Dagostino,  /.  c. 

Manganin 

«« 

+0.0  z 

•< 

Tellurium 

? 

+0.02  to  0.34 

Goldhammer,  Wied  Ann.  31.  XS87. 

Antimony 

?                    '       +0.02  to  0.16 

«• 

Different  specimens  show  vtry 

Grummach,  L  c. 

Iron 

diverse  results,  usually  an   in- 

Barlow, L  c. 

crease  in  weak  fields,  a  decrease 

Williams,  I.  c. 

in  strong. 

Nickel  steel 

Alloys  behave  similariy  to  iron. 

Williams,  I.  c. 

SmrHsoNiAN  Tables. 


Tasles  4>87|  488. 
TABLE  487.  —Tnnsvtiie  QalTiiwimiigiitlo  na  Thannmimgiirtlo  Bffaoti. 
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Effects  are  considered  positive  when,  the  magnetic  field  being  directed  away  from  the  observer, 
and  the  primary  current  of  heat  or  electricity  directed  from  left  to  right,  the  upper  edge  of  the 
specimen  has  the  higher  potential  or  higher  temperature.  « 

i5  =: difference  of  potential  produced;  7"=  difference  of  temperature  produced;  /=  primary 
dt 
current ;  -p-  =  primary  temperature  gradient ;   B  =  breadth,  and  D  ==  thickness,  of  specimen : 

//=  intensity  of  field.    C.  G.  S.  units. 

HI 
Hall  effect  (Galvanomagnetic  difference  of  Potential),  E=^R~jj 

Ettingshausen  efkect  (  "  "  "  Temperature),  T=  P-^- 


Nemst  effect  (Thermomagnetic 
Leduc  effect  (  " 


(( 


« 


"  Potential),  E  =  QHB-. 


dt 


dx 


i« 


dt 


Temperature),  T=SHB^ 


Substance. 


Tellurium 
Antimony  . 
Steel  .  .  . 
Heusler  alloy 
Iron  .  .  . 
Cobalt  .  . 
Zinc  .  .  . 
Cadmium  . 
Iridium  .  . 
Lead  .  .  . 
Tin.  .  .  . 
Platinum  .  . 
Copper  .  . 
German  silver 
Gold  .  .  . 
Constantine . 
Manganese  . 
Palladium  . 
Silver  .  .  . 
Sodium  .  . 
Magnesium  . 
Aluminum  . 
Nickel  .  . 
Carbon  .  . 
Bismuth   .     . 


Values  of  R, 


py. 


10' 


4-400  to  800 
+  0.9  "  0.22 

-I--.012  "  0.033 

-j-.oio  "  0.020 
-I-.007  "  O.OII 

-I-.OOI6  "  0.0046 

-h  .00055 
-|- .00040 

4- .00009 
— .00003 
— .0002 
— .00052 
— .00054 

^—.00057  to  .00071 

— .0009 
— .00093 

—  0007  to  .0012 
— .0008  "  .0015 

— .0023 

— .00094  to  .0035 

— .00036  *'  .0037 

— .0045  "  .024 

— .017 

—  up  to  16. 


-|-200 

+2 
—0.07 


>.o6 
+0.01 


+0.04  to  0.19 
+3  to  40 


Q  X  io«. 


-|- 360000 
-I-9000  to  18000 
— 700  "  1700 
+1600  "  7000 
— 1000  "  1500 
+1800  "  2240 
— 54  "  240 

up  to  — 5.0 

'  -5-0(0 
-4.0  (?) 

— 90  to  270 


-I-50  to  130 

—46  "  430 


+2000  "  9000 

+  100 
+  up  to  132000 


.yxio". 


+400 
+200 

+69 

+39 

+  13 

+5 


— 2 
—18 


—3 
—41 


—45 
— 200 


TABLE  488.— Vaziatton  of  Hall  Oooftant  with  the  Ttrnperatnrt. 


Bismuth.^ 

Antimony.*                                    i 

H 

—182° 

-^0 

-»3^ 

+11.5° 

+100° 

H 

—i860 

-79° 

+31.5° 

+58° 

1000 
2000 
3000 
4000 
5000 
6000 

62.2 
55.0 

497 
45.8 
42.6 
40.1 

28.P 
25.0 
22.9 
21.5 
20.2 
18.9 

17.0 
16.0 
15.I 

'3-6 
12.9 

133 
12.7 

I2.I 

II.5 

II.O 

10.6 

7.28 
7.17 
7.06 
6.95 

6.84 
6.72 

1750 

ii6o 

0.263 
0.252 
0.245 

0.249 
0.243 
02.35 

0.217 
0.21 1 
0.209 

0.203 

Bismuth. 

1 

H 

+14.5^ 

+104° 

xas'^ 

189° 

212° 

839° 

259° 

269O 

270® 

^^ 

5.2& 

2.57 

2.12 

I 

.42 

1.24 

I. II 

0.97 

0.83 

0.77* 

1  Barlow,  Ann.  der  Phys.  12,  1903.  *  Everdineen,  Comm.  Phys.  Lab.  Leiden,  58. 

•  Traubenberg;,  Ann.  der  Phys.  17,  1905,  •  McltinK-pnint. 

Both  tables  taken  from  Jahn,  Jahrbuch  der  SUidioactivitilt  und  Elpctronik.  5,  p.  166;  1908,  who  has  collected  data  of 

all  observers  and  gives  extensive  bibliography. 
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TABLE  489.  — Cathode  and  Canal  Raya. 

Cathode  (negative)  rays  consist  of  negatively  charged  particles  (chaige  4.77  x  io~^^  eso, 
1.591  X  lo"^  emu,  mass,  9  x  lo"**  g  or  1/1800  H  atom,  diam.  4  x  10"^*  cm)  emitted  at  low 
pressures  in  an  electric  discharge  tube  perpendicfularly  to  the  cathode  (/.  can  be  focused)  with 
velocities  (10*  to  io^°  cm/sec.)  depending  on  the  acting  potential  difference.  When  stoi^>ed  by 
suitable  body  they  produce  heat,  ionization  (inversely  proportional  to  velocity  squared),  photo- 
graphic action,  X-rays,  phosphorescence,  pressure.  The  bulk  of  energy  is  transformed  into 
heat  (Pt,  Ta,  W  may  be  fused).  In  an  ordinary  X-ray  tube  carrying  lo"*  ampere  the  enaigy 
given  up  may  be  of  the  order  of  100  cal/m.  Maximum  thickness  of  glass  or  Al  for  appreciable 
transmission  of  high  speed  particles  is  .0015  cm.  Maximum  velocity  Vd  with  which  a  cathode 
ray  of  velocity  Fo  may  pass  through  a  material  of  thickness  i  is  given  by  Fo*  -  F^  -» aJ  x  lo**; 
a  -  2  for  air,  712  for  Ai  and  2540  for  Au,  cm-sec  units  (Whiddington,  1912).  Cathode  rays 
have  a  range  of  only  a  few  millimeters  in  air. 

Canal  (positive)  rajrs  move  from  the  anode  with  velocities  about  lo"  cm/sec.  in  opposite 
direction  to  the  cathode  rays,  carry  a  positive  charge,  a  mass  of  the  order  of  magnitude  of  the 
H  molecule,  cause  strong  ionization,  fluorescence  (LiCl  fluoresces  blue  under  cathode,  red  under 
canal  ray  bombardment),  photographic  action,  strong  pulverizing  or  disintegrating  power  and 
by  bombardment  of  the  cathode  liberate  the  cathode  rays. 


TABLE  490.  —  Speed  of  Cathode  Rays. 

The  speed  of  the  cathode  particles  in  cm/sec.  as  dependent  upon  the  drop  of  potential  to 
which  they  owe  the  speed,  is  given  by  the  formula  9-5.95  '^^*  lo^*  '^^  following  table  gives 
values  of  5.95  V£. 


Voltage 

10 
18.8 

20 
26.6 

30 
32.6 

40 
37.6 

.SO 
42.1 

60 
46.1 

70 
49.8 

80 
53-3 

90 

56.5 

xoo 
59. 5 

Velocity  X  W... 

Voltaire 

100 
59- S 

200 
84.2 

300 
103. 1 

400 
119. 1 

500 
133  I 

600 
145.8 

700 
157.5 

800 
168.3 

900 
178.6 

1000 
188. 

Velocity  x  lo"' . . . 

For  voltages  1000  to  10,000  multiply  2d  line  by  10,  etc 


TABLE  491.  —  Catfaodic  Sputtering. 

•  The  disintegration  of  the  cathode  in  an  electric  discharge  tube  is  not  a  simple  phenomenon. 
The  particles  taking  part  in  the  sputtering  must  be  either  large  ^r  of  high  speed  or  both  (2000+ 
gauss  field  required  for  their  deviation).  It  depends  upon  the.  nature  of  the  residual  gas.  H,  N, 
COi  are  not  generally  favorable;  Ar  is  especially  favorable,  also  He,  Ne,  Kr  and  Xe.  Raised 
temperature  favors  it.  The  relative  sputtering  from  various  metals  is  shown  in  the  following 
table  (Crookes,  Pr.  R.  S.  1891);   the  residual  gas  was  air,  pressive  about  .05  mm  Hg. 


Metal 

Sputtering. 


Pd 
100 


Au 
92 


Ag 

76 


Pb 

69 


Sn 
52 


Pt 

40 


Cu 

37 


Cd 
31 


Ni 
10 


Ir 

10 


Fe 
5 


Al 
o 


Mg 

o 


Brass 

47 


For  further  data  on  cathode,  canal  and  X-rays,  see  X-rays  by  G.  W.  C.  Kaye,  Longmans, 
191 7,  upon  which  much  of  the  above  and  the  following  data  for  X-rays  is  based.  See  also  J.  J. 
Thomson,  Positive  Rays,  Longmans,  1913. 
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TABLE  492.  —  X-rays,  General  Properties. 

X-iays  are  produced  whenever  and  wherever  a  cathode  ray  hits  matter.  They  are  invisible, 
of  the  same  nature  as,  and  travel  with  the  velocity  of  light,  affect  photographic  plates,  excite 
phosphorescence,  ionize  gases  and  suffer  deviation  neither  by  magnetic  nor  electric  fields  as  do 
cathode  rays.  In  an  ordinary  X-ray  tube  (vacuum  order  o.ooi  to  o.oi  mm  Hg)  the  cathode 
(concave  for  focusing,  generally  of  aluminum)  rays  are  focused  on  an  anticathode  of  high  atomic 
weight  (W,  Pt,  high  atomic  weight,  high  melting  point,  low  vapor  pressure,  to  avoid  sputtering, 
high  thermal  conductivity  to  avoid  heating).  Depth  to  which  cathode  rays  penetrate,  order 
of  0.2  X  10"*  cm  in  Pb,  90,000  volts  (Ham,  1910),  24  x  io~*  cm  in  Al,  22,000  volts  (Warburg, 
1915).  Note:  High  speed  H  and  He  mole^rules  (2  x  lo^  cm/sec.)  can  penetrate  o.ooi  to  0.006 
mm  mica;   He  a  particles  (2  x  lo*  cm/sec.),  0.04  mm  glass. 

The  X-rajrs  from  an  orcUnary  bulb  consist  of  two  main  classes: 

Heterogeneous  ("general,"  "independent")  radiation,  whiph  depends  solely  on  the  speed  of 
the  parent  cathode  rays.  It  is  always  present  and  its  range  of  hardness  (wave-lengths)  depends 
on  the  range  of  speeds  of  the  cathode  ra}^.  Its  energy  is  profX)rtional  to  the  4th  power  of  these 
speeds. 

Homogeneous  ("characteristic,"  "monochromatic")  radiation  (K^  Z,  M,  etc.  radiations, 
see  Table  498  for  wave-lengths),  characteristic  of  the  metal  of  the  anticathode.  Generated  only 
when  cathode  rays  are  sufl&ciently  fast.  There  is  a  critical  velocity  for  each  characteristic 
radiation  from  each  material,  proportional  to  the  atomic  weight  of  the  anticathode.  The  critical 
velocity  for  the  K  radiation  is  Vj^  ^Ay.  10?,  when  A  is  tiie  atomic  weight  of  the  radiator  (e.g. 

anticathode);  F^  -  i/2(A  -48)10^. 

The  following  relation  has  been  found  to  hold  experimentally  between  the  voltage  V  through 
which  the  cathode  particles  fall  and  the  maximum  frequency  v  of  the  X-rays  produced:  eV 
-  hVj  where  e  is  the  electronic  charge  and  /(,  Pl^ick's  constant.  Blake  and  Duane  (Phys.  'Rev. 
10,  624, 191 7)  foimd  for  h,  6.555  x  lo"*'  erg  second. 

As  the  speed  of  the  cathode  rays  is  increased,  shorter  and  shorter  wave-lengthed  "  independent " 
X-rays  are  produced  until  the  critical  speed  is  reached  for  the  "characteristic"  rays;  with  faster 
speeds,  the  cathode  rays  become  at  first  increasingly  effective  for  the  characteristic  radiation, 
then  less  so  as  the  independent  radiation  again  predominates. 

When^  cathode  rays  hit  the  anticathode  some  75  per  cent  are  reflected,  the  more  the  heavier 
its  atomic  weight.  The  chances  of  the  remainder  hitting  an  atom  so  as  to  generate  an  X-ray 
are  slight;  only  i/iooo  or  1/2000  of  the  original  energy  goes  into  X-rays.  If  £,  and  £«  are  the 
energies  of  the  X  and  the  parent  cathode  rays,  A  the  atomic  weight  of  the  anticathode,  j3  the 
velocity  of  the  cathode  rays  as  fraction  of  the  li^t  value  (3  X  io^°  cm/sec.),  Beatty  showed 
(Pr.  R.  S.  1913)  that  Eg  -  Eg  (.51  X  loMjS*);  this  refers  only  to  the  independent  radiations; 
when  characteristic  radiations  are  excited  their  energy  must  be  added  and  the  tube  becomes 
considerably  more  efficient.    No  quantitative  expression  for  the  latter  has  been  developed. 

When  an  X-ray  strikes  a  substance  three  types  of  radiation  resxilt:  scattered  (sometimes  called 
secondary)  X-rays,  characteristic  X-rays  and  corpuscular  rays  (negatively  charged  particles). 
The  proportions  of  the  rays  depend  on  the  substance  and  the  quality  of  the  primary  rays.  Wlien 
the  substance  is  of  low  atomic  weight,  by  far  the  greater  portion  of  the  X-rays,  if  of  a  penetrating 
type,  are  scattered.  With  elements  of  the  Cr-Zn  group  most  of  the  resulting  radiation  is  "cWac- 
teristic."  With  the  Cu  group  the  scatter^  radiation  (1/260)  is  negligible.  Heavier  elements, 
both  scattered  and  characteristic  X-rays.  Coipuscular  radiation  greater,  mass  for  mass,  for 
elements  of  high  atomic  weight  and  may  mask  and  swamp  the  characteristic  radiation.  Hence 
an  X-ray  tube  beam,  heterogeneous  in  quality,  allowed  to  fall  on  different  metals,  —  Cu,  Ag,  Fe, 
Pt,  etc.,  — ^  excites  characteristic  X-rays  of  wide  range  of  qualities.  Exciting  ray  must  be  l^jxler 
than  the  characteristic  radiation  wished.  The  higher  the  atomic  weight  of  the  material  struck 
(radiator),  the  more  penetrating  the  quality  of  the  resulting  radiation  as  shown  by  the  following 
iable,  which  gives  X,  the  reciprocal  of  the  distance  in  cm  in  Al,  through  which  the  rays  must  pass 
in  order  that  their  intensity  will  be  reduced  to  1/2.7  of  their  original  intensity. 

TABLE  493.  —  Rttntgen  Secondary  Rays. 


Radiator. 

Cr 

Fe 

Co 

Ni 

Cu 

Zn 

As 

Se 

Sr 

Ag 

Sn 

Atomic  weight. . . . 
X .TV 

52. 
367. 

SS.8 
239. 

59- 0 
193 . 

x^-^ 

63.6 
129. 

65.4 
X06. 

7S-0 
6x. 

79.2 
SI. 

87.6 
35.  a 

xoS. 
6.7s 

119. 
4.33 

With  the  radiator  at  45**  to  the  primary  X-rays  at  most  only  about  50  per  cent  of  the  energy 
goes  to  characteristic  rays  and  only  about  i/io  of  the  latter  escape  the.surface  of  the  radiator. 
The  j3  radiations  of  radioactive  elements  may  possibly  be  regarded  (Rutherford)  as  a  characteristic 
radiation  produced  by  the  expulsion  of  the  a  particles.  The  hardness  of  some  corresponds  to  the 
K  and  L  radiations. 

For  more  complete  data  on  X-rays,  see  X-rays,  G.  W.  C.  Kaye,  Longmans,  191 7,  upon  which 
these  X-ray  tables  are  greatly  baseid. 
Smithsonian  Tables. 
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TABLE  494.  —  Corpuscular  Rays. 


Offpoflcular  rays  are  given  off  in  greatest  abundance  when  radiator  emits  its  characteristic  radiatioii.  Intcnstj 
increases  with  atomic  weight  (4th  power,  Moore,  Pr.  Phys.  Soc.)>  Greater  number  emitted  at  right  angles  to  iDcidetf 
lays.  Velocity  range  (6  to  8.5)10*  cm/sec.  vo  »  velocity  when  leaving  radiator  »  xo*(il  »  Atcxnic  waght)  =  critial 
velocity  necessazy  to  excite  characteristic  radiation,  therefore  corpuscular  rays  have  pracdcally  the  same  velodty  2* 


the  original  generating  cathode  rays.    Are  of  uniform  quality  when  excited  by  characteristic  rays  and  follow 

tial  law  of  absorption  in  gases.    If  X  is  the  absorption  coefficient  and  A  the  atomic  weight,  XA*  "  Xa«*  ^  conscast 

nVhiddington,  Beatty).  X  is  defined  by  7  ~  Jo  e'*^  where  7  and  7o  are  the  intensities  after  and  before  absorption  aad 
a  the  thickness  of  the  absorptive  layer  in  on.  The  following  values  for  X  in  air  for  characteristic  radiatioxis  from  varicHj 
substances  are  due  to  Sadler.    (At  o**  C  and  76  cm  Ug.) 


Metal  emitting 
corpuscles. 

Exciting  characteristic  radiation  from                                                      1 

Nx 

Cu 

Zn 

As 

Se 

Sr 

Mo 

Rh 

Ag 

Sn 

1 

Al 

38.9 

37.0 

37"8 
36.2 

29.6 
30.2 
30.4 

26.4 

20.0 
2X.5 
20.8 

XS.2 

ISS 
IS. a 

X0.9 
X0.8 

8.90 

8.84 
8.8z 

^          1 
6.54    1 
6.4Z    ' 

6.67 

Fc 

Cu 

1 

TABLE  496.  —  Intensity  of  X-Rays.    Ionization. 

The  intensity  of  the  radiation  from  an  X-ray  bulb  is  proportional  to  the  current.  Except  at  low  voltages  it  equab 
Kiii^  —  «»i)  where  i  is  the  current,  9  the  api^ied  voltage,  vo  the  break-down  voltage  aiui  K  a  constant  for  the  tube  (KrSoke). 
The  intensitv  of  X-rays  is  noost  accurately  measured  by  the  bnization  they  produce.  This  mav  be  referred  to  the 
International  Radium  Standard  (see  Table  508).  It  is  proportbnal  to  the  4th  iMwer  of  the  speed  ot  the  parent  catfaotk 
rays  (Thomson),  (true  only  of  independent  rays,  Beatty,  19x3).  The  saturation  current  due  to  X-ray  kxiizatKsi  is 
usually  of  the  order  of  xo~^*  to  xo"^*  ampere.  When  X-rajTS  pass  through  a  substanoerODly  once  in  a  wmle  is  an  afan 
struck,  only  perhaps  x  in  a  billion,  and  ionized.  The  ionization  b  probably  an  indirect  process  through  the  mridiatinn 
of  coipuscular  rays.  In  the  absence  of  secondary  radiations  the  ionization  is  proportional  to  the  mass  of  the  gas 
(that  IS,  its  pressure  at  constant  temperature).  It  depends  on  the  nature  of  the  gas,  but  is  little  affected  by  tlie  quauQr 
of  the  rays.    The  following  results  are  due  to  Crowther,  1908. 


Gas  or  vapor. 

Density, 
air  »■  z. 

Soft  X-rays 
6  mm  sparic. 

Hard  X-rays 
27  nun  sparic. 

Hydroeen  Ht 

0.07 

I. S3 
2.24 

535 
3.78 
4.96 
7-93 

o.oz 

1.57 
x8.o 

67. 
72. 

X4S. 

425. 

o.z8 
Z.49 
X7.3 

X18. 

I2S. 

Carbon  dioxide  COi 

Ethyl  chloride  CtH»Cl 

Carbon  tetrachloride  CCU 

Ethyl  bromide  CiH«Br 

Methyl  iodide  CHal 

Mercury  methyl  Hx(CHx)« 
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TABLE  496.  —  Mass  Absorption  Coefficients,  \/i. 
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The  quality  by  which  X-rays  have  been  generally  classified  is  their  "hardness"  or  penetrating  power.  It  is  greater 
the  greater  the  exhaustion  of  the  tube,  but  for  a  given  tube  depends  solely  upon  the  potential  difference  of  the  elec- 
trodes. With  extreme  exhaustion  the  X-ra3rs  have  an  appreciable  effect  alter  passing  through  several  milHineters  of 
brass  or  Al.  The  penetrability  of  the  characteristic  radiation  is  in  general  proportional  to  the  5th  power  of  the  atomic 
weight  of  the  radiator.  The  absorption  of  any  substance  is  equal  to  the  sum  01  the  absorptions  of  the  individual  atoms 
and  B  independent  of  the  chemical  combination,  its  physical  state  and  probably  of  the  temperature.  Most  of  the 
following  table  b  from  the  work  of  Barkla  and  Sadler,  Phil.  Mag.  17,  739,  1909.  For  starred  radiators,  L  radiations 
used;  for  others  the  K. 

If  /o  be  the  intensity  of  a  parallel  beam  of  homogeneous  radiation  incident  normally  on  a  plate  of  absorbing  material 

of  thickness  /.  then  /  "  /q  «~^  gives  the  intensity  /  at  the  depth  x.  Because  of  the  greater  homogeneity  of  the  secondary 

X-ra^  they  were  used  in  the  determination  of  the  following  coefficients.    The  coefficients  X  have  been  divided  by  the 
density  d. 


Radiator. 


Cr... 
Fc... 
Co.. 
Ni... 
Cu.. 
Zn... 
As... 
Se... 

^::. 

Sb... 
I.... 
Ba.. 
W*. 
Pt*. 
Pb*. 
Bi*. 
Th*. 
U*.. 


1 

Cm 

Mg 

Al 

Fe 

Ni 

^Si 

126. 

136. 

X04. 

X29. 

10.  X 

80. 

88. 

66. 

84. 

8.0 

64. 

72. 

67. 

67. 

6.6 

52. 

59. 

314. 

56. 

5-2 

41. 

48. 

268. 

63. 

4.3 

35- 

39- 

22X. 

26s. 

2.5 

19. 

22. 

134. 

x66. 

2.0 

16. 

19- 

X16. 

X41. 

.46 

2.2 

2.5 

17. 

23- 

•  35 

— 

1.6 



— 

•  31 

X.2 

— 

— 

•  29 



•2 



— 

.26 

— 

.8 

— 

— 

— 

30. 

— 

— 

— 

— 

22. 

— 

— 

— 

— 

17. 

— 

— 

— 

— 

16. 

— 

— 

— 

— 

8. 

— 

— 

^^^ 

^^~ 

7- 

^"^ 

^^^ 

Absorber. 


Cu 


143 . 
95- 
75. 
62. 

SI- 
56. 

X76. 

xso. 
24. 


127. 
177. 
139. 
127. 

77. 
70. 


Zn 


170. 

XX2. 
92. 

74. 
61. 

so. 
204. 
175. 

27. 


Ag 


580. 
381. 

314- 
262. 
2x4. 

175. 

105. 

88. 

13. 
x6. 
56. 
46. 

35. 
143. 
xo5. 

78. 

73. 

42. 

40. 


Sn 


7x4. 
472. 
392. 
328. 
272. 
225. 
X32. 

XX2. 
16. 


Pt 


(517.) 
340. 
281. 
236. 
X94. 
X62. 
X06. 

93. 

56. 

47. 


^11- 
113. 
X28. 

"5 

134. 

132 


Au 


(507.) 
367. 
306. 

253. 
210. 
178. 
106. 
zoo. 

6z. 

52. 


TABLE  497.  —  Absorption  Coefficients  of  Characteristic  Radiations  in  Gases. 

The  penetrating  power  of  X-rays  ranges  in  normal  air  from  z  to  10,000  cm  or  more.  The  absorptive  power  of  i 
cm  air  —  1/820  that  of  water.  X  (see  preceding  table  for  definition)  for  air  for  soft  bulb  (z. 5  to  5  cm  spark  gap,  4  to 
10  m  air)  ranges  from  .oozo  to  .0018;  for  hard  bulb  (30  cm  sixirk  gap,  4  to  xo  m  air),  .00029.  (Eve  and  Dav,  Phil. 
Mag.  X9Z2.)  The  absorption  coefficient  for  gases  for  characteristic  or  monochromatic  radiations  varies  directly  with 
the  pressoze.  For  different  characteristic  radiations  it  is  proportional  to  the  coefficients  in  air.  It  varies  with  tne  5  th 
power  of  the  atomic  weight  of  the  radiator.  The  following  table  is  taken  from  Kaye's  X-rays  and  is  based  on  the  work 
of  Barida  and  Collier  (Pnil.  Mag.  19x2)  and  Owen.   All  are  for  the  gas  at  o**  C  and  76  cm  Hg. 


Fe. 
Co. 
Ni. 
Cu. 
Zn. 
As.. 
Se., 
Br. 
Sr.. 
Mo 
Ag. 


Air 


.0302 

.oz6s 
.OZ36 
.OZ09 
.0090 

■  OOS3 
.0044 

.0039 
.0023 

.OOZ37 

.00077 


\/d 


Z5.6 

12.7 

Z0.5 

8.43 

6.96 
4.Z0 
3.40 
3.03 
x.78 
0.98 

O.S9 


COs 


.0456 

.03Z9 

.0227 

.0x84 

.00988 

.00782 

.00420 
.00281 


\/d 


23.  z 

x6.z 
xz.s 
9.31 
5.00 

396 

2.Z2 
Z.42 


SOi 


.24 
.20 
.z66 
■  134 

.ZZ2 
.066 
0546 
.050 
.O28Z 

.oz6o 
0079 


\/d 


83.3 
69.4 
57.6 
46.  S 
38.9 
22.9 
Z9.Z 

17.4 
9.76 
S.56 
2.75 


CsHtBr 


.5x2 
.407 
.325 
.260 

.2X5 

.Z28 
.zzo 
.096 

.325 

.2za 
.Z08 


\/d 


xos. 
83.2 
66.3 
S3. 1 
43.9 
26.  z 
22.4 
Z9.6 
66.3 
42.9 
22.0 


CHiI 


2.z6 
Z.80 

Z.S4 

1.27 

.743 
.6z9 

•  552 
.338 
.197 
.ZZ3 


\/d 


339. 

282. 
24Z. 
Z98. 
zz6. 

^6!$ 
S3.0 

30.9 
17.7 
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Table  4M. 
X-RAY  SPECTRA  AND  ATOMIC  NUMBERS. 


Kaye  has  shown  that  an  element  excited  by  sufficiently  rapid  cathode  rays  emits  ROot£en  rays  chaxactecxstk  of 
that  substance.  These  were  analyzed  and  the  wave-lengths  determined  by  Moseley  (Phil.  Mag.  37,  703,  1914),  vsiax 
a  crystal  of  potassium  ferrocyanide  as  a  grating.  He  noted  the  K  series,  showixu  two  Unes,  and  the  L  series  with  several 
He^  found  tnat  every  element  from  Al  to  Au  was  characterized  by  integer  iv,  which  determines  its  X-ray  specinim; 
N  is  identified  with  the  number  of  positive  units  associated  with  its  atomic  nucleus.  The  order  of  these  atomic  nam- 
beis  {N)  is  that  of  the  atomic  weijghts,  except  where  the  latter  disaj^ees  with  the  order  of  the  chemical  properties. 
Known  dements  now  correspond  with  all  the  numbers  between  x  and  93  except  6.  There  are  here  six  posuble  firinratt 
still  to  be  discovered  (atomic  noa.  43,  6x,  73,  75,  85). 

The  frequency  of  any  Une  in  an  X-ray  spectrum  is  a^roximately  prra>ortional  to  il  (iV  —  6)*,  where  A  aod  b  are 
constants.    All  A-ray  spectra  of  each  series  are  similar  in  structure,  dififering  only  in  wave-lengths.  Qj^  »  (v/|n); 

Ql  ~  ('/ Avo)  where  « is  the  frequency  of  the  a  line  and  vo  the  fundamental  Rydbeig  frequency.   The  atoniic  number 

for  the  K  series  —  Qj^+  x  and  for  the  L  series,  Q^  +  7.4  approximately,   vb  »  3.39  X  xo" 

Moseiey's  woA  has  been  extended,  and  the  following  tables  indicate  the  present  (X9X9)  knowledge  of  the  X-zay 
spectra. 

(a)  K  Series  (Wave-lengths,  X  X  xo>  cu). 


Element, 
atomic 
number.    < 

fit 

fix 

a4 

0104 

(not 
separable) 

o« 

Oi 

OiOt 

»  (not 
separable) 

Ot 

XX      Na 
X2      Mg 
X3      Al 

14  Si 

15  P 

16  S 

17  CI 
z8     Ar 
X9      K 
30     Ca 

21  Sc 

22  Ti 

23  Va 

3.074 
2.492 

9-477 
7.986 

5. 018 
4-394 

3.449 
3.086 

2.778 
2.509 
2.281 

9.845 
8.300 
7.080 

6.X23 

5.314 

4.693 

3.724 
3.328 
3.01Z 
3.729 

0.856 

8.310 
7.088 

6.x  39 
5.3x7 

3.735 
3.355 
3.038 

3.742 
3.498 

IX. 951 

0.915 
8.360 

7x31 
6.X68 
5. 360 
4.7x3 

3  738 
3-359 
3-033 
2.746 
2.502 

Element, 

atomic 

number. 

fit 

fii 

at 

01 

Element, 

atomic 

nimiber. 

fit 

fix 

Oi 

1 

OS 

1 

24  Cr 

25  Mn 

26  Fe 

27  Co 

28  Ni 

39  Cu 

30  Zn 

31  Ga 
3a      Ge 

33  As 

34  Se 

35  Br 

36  Kr 

^2      ?^ 
38     Sr 

40  Zr 

4X      Nb 
43      Mo 

2.069 
X.892 
1.736 
X.602 
X.488 

x-379 
1.28X 

X.X2X 

1.038 

0.914 

.7x3 
.767 
.733 

.^57 

2.079 
X.903 

1.748 
X.613 

1-497 
X.39X 
1.294 
1.206 

1. 131 
X.052 

0.993 
.929 

.T25 
.779 
.746 
.70s 
.669 
.633 

2.284 

a. 093 
x.928 
1. 781 
1-653 
1.539 
x.433 
x.338 

X.2S7 
1.X70 
X.104 
1. 03s 

0.922 
.87X 

:% 

•749 
.7x0 

3.388 

3.097 
x.932 
x.785 
x.6s7 
X.S43 
x-437 
x.342 
X.35X 

X.174 
Z.X09 
z.040 

0.936 
.876 
.840 
.793 
.754 
.7x4 

44    Ru 

49  In 

50  Sn 
sx     Sb 
53     Te 

53  I 

54  X 

55  Cs 

56  Ba 

57  La 

58  Ce 

59  Pr 

60  Nd 
74     W 

0.537 
.49X 
.440 

0.574 
.547 
.501 
.50X 
.479 
.453 
.43  a 
.4x6 

.404 
.388 

.35a 
.343 
.329 
.3x4 
.301 
.292 
.X77 

0.645 

.6x5 
.562 
.562 
.538 
.5x0 
.487 
.468 

.456 
.437 

.398 
.388 
.37a 
•  355 
-342 
.330 
.203 

0.6x9 
.567 
.567 

•  543 
.515 

•  490 
.47a 

.40a 

39S 
.376 
.360 
.347 

335 
•335 
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(6)  L  Series  (Wave-lengths,  X  X  xo*  cm). 
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Element, 
atomic 
nimiber. 


30  Zn 

33  As 

35  Br 

37  Rb 

38  Sr 

39  Y 

40  Zr 
4X  Nb 
4a  Mo 

44  Ru 

45  Rb 

46  Pd 

47  Ag 

48  Cd 

49  In 

50  Sn 

51  Sb 
Sa  Te 
53  I 

55  Cs 

56  Ba 


57 
58 

59 


U 
Ce 
Pr 


as 


ai 


5-73X 
S.410 

4-853 


4 

4 

3 

3 

3 

3 

3 

3 

2. 

2, 

2. 

2. 


374 
155 
959 
774 
604 
443 
299 
iSS 
899 
786 
674 
573 


2.47a 


X2.346 
0.701 

8.391 
7-335 
6.879 
6.464 

6.083 
5-724 
5-403 
4-845 
4- 596 

4.36s 
4.146 

3.949 
3.766 

3-594 
3.434 
290 
X46 
,89X 
776 
,665 

563 
2.462 


da 


3. 

3. 
2. 
2. 
2. 
2. 


8.360 
7 -30s 

6.440 
6.0S7 
5-709 
5.381 
4.823 
4. 577 
4.352 
4  133 


Element, 
atomic 
number. 


60 
62 

63 
64 

U 

67 

68 

o 

X 


8x 
82 
83 
84 
88 

90 
92 


Nd 

Sa 

£u 

Gd 

Tb 

Dy 

Ho 

£r 

Ad 

£p 

Ta 

W 

Os 

It 

Pt 

Au 

^ 

Pb 

Bi 

Po 

Ra 

Th 

U 


892 
834 

672 

840 
499 

457 

385 
348 
317 


"7 
066 


as 


2.379 
2.2x0 

2.X3X 

a.oS4 

1.983 
x.ox6 

1.854 
794 
68x 
620 
528 
48X 

39S 
360 

1.323 
X.283 
x.a5x 

X.2X5 

x.x86 
1. 153 


0.969 
0.922 


ai 


2.369 
a.aoo 
2.121 
2.043 
1.973 
1.907 
X.843 

1.783 
X.670 
x.6xo 
x.sxS 
X.47X 
388 
350 

3x3 
27X 
240 
205 
175 
144 
X09 
0x0 

957 
9" 


1-935 

X.72< 

x.6x8 
X.435 


X. 
X. 


242 

197 


X.I24 
X.09X 

1.059 


Element, 
atomic 
number. 


33      As 
35      Br 


37 

Rb 

38 

Sr 

39 

Y 

40 

Zr 

41 

Nb 

42 

Mo 

44 

Ru 

tl 

Rh 
Pd 

Ji 

^ 

49 

In 

50 

Sn 

51 

Sb 

52 

Te 

53 

1 

11 

Cs 
Ba 

57 

La 

S8 

Ce 

59  Pr 

60  Nd 
6a  Sa 

63  Eu 

64  Gd 
6s  Tb 


/5« 

/5i 

/A 

/3. 

.^B, 

9-449 
8.X4X 

^_^ 

^.^. 

— 

— 

— 

— 

7-09X 

— 

— 

— 

6.639 

— 

•^ 

6.a27 

— 

— 

— 

5.851 

— 

— 

— 

5-493 

5-317 

— 

— 

5-175 

— 

— 

•^ 

4.630 

— 

— 

— 

4-372 

•^ 

— 

4.071 

4.144 

3.904 

4.030 

3.861 

3.928 

3.698 

3  823 

3.676 

3.733 

3.514 

3-639 

— 

3.550 

3.354 

— 

3-337 

3-38X 

3-172 

3-300 

3.184 

3.222 

3.02X 

3  149 

3.044 

3.074 

3.88x 

3.007 

a.9xx 

2.934 

2.750 

2.873 

2.668 

a.  684 

2.514 

2.629 

2.558 

2.569 

2.407 

3.S20 

2.453 

a.46x 

2-307 

2.414    • 

2-357 

2-359 

3.2X2 

3.307 

— 

2.259 

a.axo 

3.2X7 

3.X67 

2.X67 

2.036 

3.X38 

— 

2.000 

1.884 

1-  >6s 

i.oa3 
X.851 

1.0x8 
x.844 

1.8x0 

x.{88 

^•l^ 

x.8xx 

1.784 

1-775 

x.68a 

1.745 

|5. 


71 


1.659 


5.386 


7t 


71 


3.720 

3- 597 

3.515 

—              — 

3-331 

—              — 

3-160 

— .              — 

2.999 
2.849 

2.903         3.889 
3.783 

2.7x2 

—              — 

2.583 

—              — 

2.350 

3.334 

2.245 

—              — 

2.X46 

—              — 

2.052 

3.003 

1.958 

1.937         1-933 
X.803         1.775 

1-875 

1.72s 

1.659 

X.662 

1.599         1590 

1.597 

(x.562)      (x.558) 

1.531 

X.477         1.470 

y* 


2.83X 


1.437 
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Table  486  {cottHnued). 
X-RAY  SPECTRA  AND  ATOMIC  NUMBERS. 


(b)  L  Seueb  (Wave-lengths,  X  X  i6*  cm). 


Element, 

atomk 

number. 


66 

67 
68 
70 
71 
73 
74 
76 
77 
78 
70 
80 
81 
83 
83 
84 
88 

90 
92 


l>y 

Ho 
Er 

Ad 

W 
Os 
Ir 
Pt 
Au 

^ 

Pb 
Bi 
Po 
Ra 
Th 
U 


/54 

/5i 

fit 

/8. 

/5» 

71 

1.721 

1.709 

1.622 

X.683 

^,^^ 

1.470 

I.6S7 

1.646 

1.568 

X.620 

— 

1. 415 

1-599 

1.586 

1. 514 

X.560 

— 

1.367 

1.490 

1.474 

X.414 
•   1.368 

1. 451 

X.432 

1.267 

X-437 

1.421 

1.399 

— 

X.324 

1  343 

1.323 

X.280 

1-303 
X.258 

— — 

1. 135 

X.296 

1.278 

Z.241 

— 

Z.X05 

X.3Z4 

1:194 

1.167 

1.X76 

— 

X.021 

1.176 

1. 154 

1. 133 

Z.138 

x.xox 

0.989 

1.142 

X.120 

X.XOl 

1.098 

X.072 

0.958 

1.102 

1.080 

X.065 

X.OS9 

X.03S 

0.922 

— 

1.049 

X.042 

— 

— 

0.896 

1.036 

1. 01 2 

X.006 

0.998 

0.977 

0.864 

1.008 

0.983 

0.983 

0.968 

0.842 

0.977 

0.950 

0.9S4 

0.937 

0.923 

o.8zo 

~^ 

0.920 

— .— 

— 

— ~ 

— ^ 

— 

0.766 

0.797 

0.758 

— 

0.654 

^"^^ 

0.720 

0.756 

0.710 

^■^^ 

0.6x5 

71 


7» 


1.422 
1.369 
x.323 
X.328 
1.X88 

l.XOX 

1.064 
0.962 

0.933 
0.898 

0.844 
0.820 
0.794 


X.4X8 

1.365 

X.3I6 
X.223 
X.X83 
1.097 
X.058 

0.956 

0.929 

0.894 

0.840 
0.8x6 
0.790 


0.63s 
0.596 


T* 


0.917 
0.900 
o.86« 

0.80S 
0.793 
0.763 


(c)  M  Series  (Wave-lengths,  X  X  10*  cm). 


Element, 

atomic 

number. 


79 
81 
82 

83 
90 
92 


Au 

Tl 

Pb 

Bi 

Th 

U 


5.838 

5.479 
5.303 
5."7 
4. 139 
3  905 


/8 


5.623 
5.256 
5.095 
4.903 
3  941 
3-715 


71 


5-M8 

4.910 
4.726 
3.812 


7« 


5. 284 


3.678 
3480 


di 


5.146 

4- 561 
3.363 


5  102 
4.826 

4.69s 
4. 532 

3  324 


4-73S 
4.456 


Reference:  Jahrbuch  der  RadioaktivitJlt  uikd  Ekktronik,  13,  396,  19x6. 

(i)  Tungsten  X-kay  Spectrum  (Wave-lengtks,  X  X  xo>  cm). 

The  wave-lengths  of  the  tungsten  X-ray  spectrum  have  been  measured  more  frequently  than  those  of  any  other 
element.  The  following  values  are  perhaps  the  most  accurate  that  have  hitherto  been  published.  Compton,  Physical 
Review,  7,  646,  1916  (errata,  8,  733,  1916). 


Line. 

X 

Line. 

X 

Line. 

X 

a 

1 . 0249 

e 

1.2x85 

• 

X.3363 

b 

1.0399 

I 

I . 3420 

k 

X.473S 

e 

1.0582 

i 

X.260I 

I 

X.4844 

if 

X.0652 

1.2787 

d 

1.0959 

t 

1.298s 

Other  references  on  the  X-ray  spectrum  of  tungsten:   Gorton,  Physical  Review.  7,  203,  19x6;  Hull,  Pnc.  Nat. 
Acad.  Sd.  2,  265,  X916;  Der&hem,  Physical  Review,  11,  461, 19x8;  Ovem.  Physical  Review,  14,  X37, 1919. 
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X-RAY  ABSORPTION  SPECTRA  AND  ATOMIC  NUMBERS. 
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A  marked  increase  in  the  absorption  of  X-rays  by  a  chemical  element  occurs  at  frequencies 
close  to  those  of  the  X-rays  characteristic  of  that  element.  The  absorption  coefficient  is  much 
greater  on  the  short  wave-length  side'.  In  the  K  series  the  a  lines  are  much  stronger  than  Uie 
corresponding  fi  and  7  lines,  but  the  wave-lengths  of  the  a  lines  are  greater.  There  is  a  marked 
increase  in  the  absorption  at  wave-lengths  considerably  shorter  than  the  a  lines  and  near  the 
P  lines.  Bragg  came  to  the  conclusion  that  the  critic^  absorption  frequency  lay  at  or  above 
the  7  of  the  K  series.  The  7  line  has  a  frequency  about  i  per  cent  higher  than  the  corresponding 
fi  line.    For  the  L  series  there  are  3  characteristic  marked  absorption  changes  (de  Broglie). 

The  critical  absorption  wave-lengths  of  the  following  table  are  due  to  Blake  and  Duane, 
Phys.  Rev.  10,  697,  1917.  The  equation  v  -  Vo{N  -  3.5)*  where  v  is  Rydberg*s  fundamental 
frequency  (109,675  x  the  velocity  of  light)  and  N  the  atomic  number,  represents  the  data  with 
considerable  accuracy.    The  nudear  charge  is  obtained  by  Q  -  2e(iV  -  3.5). 


Element 

Atomic 
number. 

Au 

Elemeat. 

Atomic 
nimiber. 

Au 

Element. 

Atomic 
number. 

Au 

Bromine 

Krypton 

Rubidium 

Strontium — 

Yttrium 

Zirconium. . . . 

Niobium 

Molybdenum. 

35 
36 
37 
38 

39 
40 

41 
42 

.9179 

.8143 
.7696 

.7255 
.6872 

.6503 
.6180 

Ruthenium 
Rhodium.. 
Palladium. 

SUver 

Cadmium.. 

Indium 

Tin 

Antimony . 

44 
45 
46 

47 
48 
49 
50 
51 

.5584 

.5324 
.5075 
.4850 
.4632 

■4434 
.4242 

•4065 

Tellurium.. 

Iodine 

Xenon 

Caesium. .. 

Barium 

Lanthanum 
Cerium 

52 
53 
54 
55 
56 
57 
58 

.3896 
.3727 

•3444 
•3307 
.3188 

•  3073 
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394  Tables  600-602.  -  RADIOACTIVITY. 

Radioactivity  is  a  pro]>erty  of  certain  elements  of  high  atomic  weight.  It  is  an  additive 
property  of  the  atom,  dependent  only  on  it  and  not  on  the  chemical  compound  formed  nor 
afifectea  by  physical  conditions  controlling  ordinary  reactions,  viz  :  temperature,  whether  solid  or 
liquid  or  gaseous,  etc. 

With  the  exception  of  actinium,  radioactive  bodies  emit  a,  /3,  or  7  ravs.  a  rays  are  easily  ab- 
sorbed by  thin  metal  foil  or  a  few  cms.  of  air  and  are  positively  charged  atoms  of  helium  emitted 
with  about  i  /15  the  velocity  of  light.  They  are  deflected  but  very  slightly  by  intense  electric  or 
magnetic  fields.  The  fi  rays  are  on  the  average  more  penetrating,  are  negatively  charged  particles 
projected  with  nearly  the  velocity  of  light,  easily  deflected  by  electric  or  magnetic  fields  and 
identical  in  type  with  the  cathode  rays  of  a  vacuum  tube.  The  y  rays  are  extremely  penetrating 
and  non-de viable,  analogous  in  many  respects  to  the  very  penetrating  Rontgen  rays.  These  rays 
produce  ionization  of  gases,  act  on  the  photographic  plate,  excite  phosphorescence,  produce  certain 
chemical  reactions  such  as  the  formation  of  ozone  or  the  decomposition  of  water.  All  radio- 
active compounds  are  luminous  even  at  the  temperature  of  liquid  air. 

Table  506  is  based  very  greatly  on  Rutherford's  Radioactive  Substances  and  their  radiations 
(Oct.  1912).  To  this  and  to  Landolt-Bornstein  Physikalisch-chemische  Tabellen  the  reader  is  re- 
ferred for  references.  In  the  three  radioactive  series  each  successive  product  (except  Ur.  Y,  and 
Ra.  C-i)  results  from  the  transformation  of  the  preceding  product  and  in  turn  produces  the  follow- 
ing. When  the  change  is  accompanied  by  the  ejection  of  an  a  particle  (helium,  atomic  weight  =  4.0) 
the  atomic  weight  decreases  by  4.  The  italicized  atomic  weights  are  thus  computed.  Each  pro- 
duct with  its  radiation  decays  by  an  exponential  law  ;  the  product  and  its  radiation  consequently 
depend  on  the  same  law.  I  =  loe-^*  where  lo  =  radioactivity  when  t  =  0,  I  that  at  the  time  i, 
and  X  the  transformation  constant.  Radioactive  equilibrium  of  a  body  with  its  products  exists 
when  that  body  is  of  such  long  period  that  its  radiation  may  be  considered  constant  and  the 
decay  and  growth  of  its  products  are  balanced. 

International  radium  standard :  As  many  radioactivity  measures  depend  upon  the  purity  of  the 
radium  used,  in  191 2  a  committee  appointed  by  the  Congress  of  Radioactivity  and  Electricity, 
Brussels,  1910,  compared'a  standard  of  21.99  mg.  of  pure  Ra.  chloride  sealed  in  a  thin  glass  tube 
and  prepared  by  Mme.  Curie  with  similar  standards  by  Honigschmid  and  belonging  to  The 
Academy  of  Sciences  of  Vienna.  The  comparison  showed  an  agreement  of  i  in  300.  Mme. 
Curie's  standard  was  accepted  and  is  preserved  in  the  Bureau  international  des  poids  et  mesures 
at  Sevres,  near  Paris.  Arrangements  have  been  made  for  the  preparation  of  duplicate  standards 
for  governments  requiring  them. 

TABLB  500.  —  RtlfttlTO  PkoiphmrMMMiiM  Kzeltod  I17  RadiUL 
(B«cquerel,  C.  R.  129,  p.  912,  1899.) 


Without  icreen,  Hexagonal  zinc  blende  ....  i3.36 

"           '*        Ft.  cyanide  of  barium   ....  1.99 

"            "        Diamond 1.14 

"           *'        Double  sulphate  Ur  and  K   .  i.oo 

"           *'        Calcium  fluoride .30 


With  screen 04 

....        J05 

....  jOI 

3' 

.  .  •  .  J02 


«« 
« 


t« 
•I 
II 
ft 


The  screen  of  black  paper  absorbed  most  of  the  a  rays  to  which  the  phosphorescence  was  greatly  due.     For  the  last 
column  the  intensity  without  screen  was  taken  as  unity.     The  y  rays  have  very  little  effect.  % 


TABLB  ftOl.—Tlio  Prodnotiai  of  a  PtrtiolM  (HoUvai). 

(Geiger  and  Rutherford,  Philosophical  Magazine,  20,  p.  691,  1910.)  * 


Radioactive  substance  (i  gram.) 


Uranium   .        .       ^ 

Uranium  in  equilibrium  with  products    . 
Thorium  " 

Radium 

Radium  in  equilibrium  with  products 


a  particles 
per  sec. 


2.37 
9-7 

2-7 

3.4 
13.6 


X 
X 
X 
X 
X 


10* 
10* 

io*« 
lOW 


Helium  per  year. 


a.75  X  10— •  cu.  mm. 
11.0    X  io-«  " 
3.1    X  io-«  " 
39 
158  • 


11 
« 


1* 
(I 
<f 
it 


TABLB  502.  —  EMtlnf  Btfaot  of  Rftdluii  and  Iti  BmanatlaiL 

(Rutherford  and  Robinson,  Philosophical  Magazine,  25,  p.  31a,  1913.) 


Heating  effect  in  gram-calories  per  hour  per  gram  radium  •                                                  1 

a  rays. 

Pnyi. 

Y  rays. 

T«»«l. 

Radium^  .... 

Emanation 

Radium  A       .        .        . 

Radium  B  +  C 

30.5 
39-4 

4-7 

6.4 

28!6 

30.5 
50.S 

Totals     .... 

123.6 

4-7 

6.4 

"34.7 

Other  determinations :  Hess,  Wien.  Ber.  121,  p.  i,  1912,  Radium  (alone)  25.2  cal.  per  hour  per  gram.  Meyer  and 
Hess,  Wien.  Ber.  xaz,  p.  603,  1912,  Radium  in  equilibrium,  132.3  gram.  cal.  per^hour  per  gram.  See  also,  CaUeodar, 
Phys.  Soc.  Proceed.  23,  p.  i,  1910;  Schweidler  and  Hess,  Ion.  i,  p.  161,  1909;  AngstrOm,  Phys.  ZS.  6, 685,  190s,  etc. 
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s,  the  stopping  power  of  a  substance  for  the  a  rays  is  approximately  proportional  to  the  square 

root  of  the  atomic  weight,  w. 


Substance 

Ha 

Air 

O2 

C2H2 

C2H4 

Al 

NaO 

CO, 

CHgBr 

CSa 

Fe 

S                 •            •            m 

.24 

I.O 

1.05 

I. II 

^•35 

1.45 

1.46 

1.47 

2.09 

2.18 

2.26 

^  W.      .      . 

.26 

I.O 

1.05 

1.17 

144 

1.37 

1.52 

.1-51 

2.03 

1.9s 

1.97 

Substance 

Cu 

Ni 

Ag 

Sn 

C'eHc 

CsHij 

CaHgl 

CCI4 

Pt 

Au 

Pb 

S                 •            •            a 

2.43 

2.46 

3.17 

3-37 

3-37 

l^ 

3»3 

4.02 

4.16 

4.45 

4.27 

^  W.      .      . 

2.10 

2.20 

2.74 

2.88 

3-53 

3.06 

3-59 

3.68 

370 

378 

Bragg,  Philosophical  Magazine,  zi,  p.  617, 1906. 

TABLB  ft04#— AbioxvtlQii  of  3  Riji  I17  Vuloiis  Sntattnott. 

fif  the  coefficient  of  absorption  for  fi  rays  is  approximately  proportional  to  the  density,  D.    See 

Table  506  for  /i  for  Al. 


Substance   .    . 
fi/D    .... 
Atomic  Wt.     . 

• 

B 

4-65 
11 

C 

4-4 
12 

Na 

4-95 
23 

Mg 

5-1 
24.4 

Al 
5.26 

27 

Si 

P 
6.1 

31 

S 

6.6 
32 

K 

6.53 
39 

Ca 

6.47 
40 

Substance   .    . 
fi/D    .... 
Atomic  Wt.     . 

Ti 
6.2 

48 

Cr 

6.25 

52 

Fe 

Co 
6.48 

59 

Cu 
6.8 

63.3 

Zn 
6.95 

655 

Ar 

8.2 

75 

Se 
8.65 

79 

Sr 
87.5 

Zr 

8.3 
90.7 

Substance   .    . 
m/d    .... 
Atomic  Wt.     . 

Pd 
8.0 
106 

foi 

Sn 
9.46 
118 

Sb 
9.8 
120 

I 
10.8 
126 

Ba 
8.8 

137 

Pt 
9.4 
195 

Au 

9-5 
197 

Pb 
10.8 
207 

U 

10. 1 
240 

For  the  above  data  the  3  rays  from  Uranium  were  used. 
Crowther,  Philosoi^cal  Magazine,  la,  p.  379,  1906. 


TABLB  606^>-^A1iwnvtlai  of  y  Rays  I17  Vazlou  Sntetanooi. 


Substance. 

Density. 

Radium  rays. 

Uranium  rays. 

Th.  D. 
ft(cm)-» 

Meso.  Th2 
ft(cm)-i 

Range  of 

thickness 

cm. 

M  (an>-i 

loofi/D 

fi(cm)-» 

looii/D 

Hg    .    . 

Pb     .    . 

Cu   .      . 
Brass     . 
Fe     .    . 
Sn      .    . 
Zn     .    . 
Slate.    . 
Al      .    . 

Glass 
S  .    .    . 
Paraffin  . 

13.59 
11.40 

8.81 

8.35 
7.62 

7.24 
7.07 
2.85 

277 
2.52 

.642 
•495 

•351 
•325 
.304 
.281 
.228 
.118 
.III 

■ 

!o78 
.042 

4-72 
4.34 

B 

'     3-93 
4.14 

4.06 

4.16 
4.38 
4.64 

.832 
725 

416 

.392 
.360 

•341 
•329 
.134 
.130 

.122 
.092 

.043 

6.12 
6.36 

4.72 
4.70 
4.72 
4.70 
4.65 
4.69 
4.69 

4.84 
5.16 
5.02 

.462 

.294 
.271 
.250 
.236 

.233 
.092 

.089 
.066 
.031 

.620 

•373 

.316 

•305 
.300 

.119 

.083 
.050 

.3  to    3.5 
.0  "    7.9 

.0  "     7.6 
.0  "    5.86 

.0  "   7.6 

•0"  5.5 

.0  "    6.0 
.0  "    9.4 
.0  "  X1.2 

.0  "  1 1.3 
.0  ••  1 1.6 
.0  "  11.4 

In  determining  the  above  values  the  rays  were  first  passed  through  one  cm.  of  lead. 

Russell  and  Soddy,  Philosophical  Magazine,  ai,  p.  130, 191 1. 
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Table  fOS. 
RADIOACTIVITY. 


P  »  i/a  period  —  time  when  body  is  one  half  transformed.    A  »  transformation  constant  (see  previous  P>l|c)- 
The  initial  velocity  of  the  a  particle  is  deduced  from  the  formula  of  Geiger  P  »>  aR^  where  R  ~  range  and  aasummg 

the  velocity  for  RaC  of  range  7.06  cm.  at  20*  is  3.06  X  xo*  cm  per  sec.,  i.e.,  v  ~  Z.077XS. 


Ukanium- 

KADiuu  Group. 

a  rays. 

Transforma- 

Atomic 
weights. 

1/2  period, 
P 

tion 
constants. 

^          P 

Rays. 

Range. 
760";^, 
is'C 

Initial 
velocity. 

Kinetic 
energy. 

Whole  no. 

of  ions 
produced. 

cm 

cm  per  s 

• 
Ezgs. 

By  ana 

partide. 

Uraniimi  z 

238.3 

S  Xzo»y. 

1.4  X  io-i»y. 

^  a 

2.50 

x.4SXio» 

.65  X  io-» 

1.26  XxoB 

Uranium  Xi.. . 

3  34  3 

24.6  d. 

.0282  d. 

/Sfy 

— 

— 

-^ 

— 

Uranium  Xt. . . 

334  » 

X.Z5  m. 

.ox  sec. 

/3 

— 

■— 

— 

— 

Uranium  2 

234' 

io»yr. 

7  X  xo-»  y. 

a 

2.90 

1.53  Xxfc* 

.  72  X  io-» 

1.37  X  io» 

Uranium  Y. . . . 

230.2? 

X.5  d. 

.46  d. 

3 

—. 

— 

— 

Ionium 

230.2 

io»yr. 

7.oXio»y. 

a 

3. XX 

x.s6Xio» 
x.6x        *' 

.7SXio-< 

X.40XX0B 

Radium 

226 

1730  y. 

.00040  y. 

a-h^ 

330 

.79         " 

i.So        " 

Ra  Emanation. 

222 

3.8s  d. 

.x8od. 

a 

4.16 

1-73       " 

.93 

\M    - 

Radium  A 

218 

3.0  m. 

.  23X  m. 

a 

4-75 

I. ox 

Radium  B 

214 

26.8  m. 

.0258  m. 

iVh 

■— 

.— 

\ 

1 

Radium  Ci 

214 

XQ.5  m. 

.o3SSm. 

-^ 

— 

— 

—          1 

RaCt. 

2I0t 

1.4  m. 

.49501. 

0 

— 

— 

— 

~~          1 

Radium  C 

— 

io-«  s.  ? 

a 

6.94 

2.06  Xio> 

1.31  Xio"» 

2.37  X  10^ 

Ra  D,  radio- 

■ 

laid 

210 

15.87. 

.044  y. 

slow/9 

— 

— 

— 

— 

RaE 

210 

4.85  d. 
130  d. 

.  X43  d. 

/5  +  7 

a 

_^_ 

n 

___ 

___ 

Ra  F.  Polonium 

210 

.00510  d. 

3.84 

X.68XZO* 

.87  X  io-» 

X.63X10* 

Acnw 

[UM  Group. 

Actinium 

A,  230? 

? 

•■^RS 

a? 

356 

1.64X10" 

.83X10-* 

i-SSXio^ 

Radio- Act 

A 

19.  Sd. 

:SJ'd^ 

a-H/8 

4-3 

1.7 

.9 

1.8 

Actinium  X . . . 

i--i 

X0.2  d. 

a 

4.36 

1.76       " 

.94        " 

1.79        " 

Act.  Emanation 

3.9  8- 

.179  8. 

a 

557 

Z.91        " 

1.13 

3.04        " 

Actinium  A. . . . 

A  -12 

.002  s. 

.3508. 

a 

6.27 

X.98       " 

X.3X 

2.20 

Actinium  B. . . . 

A  "16 

36  m. 

.0193  m. 

slow/9 

— 

— 

-— 

— 

Actinium  Ci. . . 

A  "16 

2.x  m. 

.33  m. 

a 

5- IS 

X.85  Xxo» 

1.05  Xio-» 

1.94X10* 

Actinium  D . . . 

A  —  20 

4.7  m. 

•  147 

/8  +  7 

— 

— 

— 

Actinium  C . . 

A  —  20 

a 

6.45 

2.00       " 

1.33 

^^^ 

Thcaiu 

X  Group. 

Thorium 

232 

x.3Xio>«y. 

53  X10-" 

a 

2.72 

1.50  Xio» 

.69X10-* 

1.32  X  io» 

Meaotborium  z 

228 

55  y. 

.126  vr. 

.1X2  h. 

none 

— . 

— . 

-^ 

— 

Meaothorium  a 

228 

6.2  hr. 

fi  +  y 

— 

— . 

— . 

— 

Radiothorium.. 

228 

2  yr. 
3.6s  d. 

.347  y. 

.X9od. 

a 

3.87 

X.70  X  xo» 

.89  Xio-» 

1.66  Xxoi 

Thorium  X. . . . 

224 

a+fi 

4.30 

1. 75       " 

.94        " 

1.8 

Th.  Emanation. 

220 

S4  8ec. 

.0x28  s. 

a 

5.00 

x.8s       " 

1.04 

1.9 

Thorium  A. . . . 

216 

0.14  sec 

4-95  8. 

a 

5.70 

1.94       " 

X.15 

3.; 

Thorium  B. . . . 

212 

zo.6  h. 

.0654  h. 

fi  +  y 

a+0 

— 

— . 

Thorium  Ci . . . 

212 

60  m. 

.0x18  m. 

4.80 

x.76Xio» 

.95  X  io-» 

X.8    Xio» 

Thorium  D 

208 

3.x  m. 

.  224  m. 

/5  +  T 

— 

Thorium  C ... 

212 

10""  sec. 

7  X  loio  sec. 

a 

8.6 

2.22  X  io» 

1.53  Xio-» 

3.9    X  io» 

Potassium 

39- 1 

? 

? 

fi 

•    Rubidium 

85. S 

? 

? 

fi 

See  The  Constants  of  Radioactivity,  Wendt,  Phys.  Rev.  7,  p.  389, 1916. 
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fjk  ^  coefficient  of  absorption  for  fi  rays  in  tenns  of  cms.  of  aluminum;  /it,  of  the  y  rays  ia  cms  of  Al,  so  that  if 
/o  is  the  incident  intensity,  /  that  after  passage  through  d  cms,  /  »  Joe'^t^' 


USANIITM-SADroM  GSOUP. 

fi 

rays. 

7  rays. 

Remarks. 

Absorption 

Vetecity 

Absorption 

coefficient  »  n 

light  »>z 

coefficient  >=  /ii 

Uri 

— 

— 

— 

X  gram  U  emits  2.37  X  xo<  a  partides  per 

UrXi 

Sio 

Wide  range 

24,  .70,  .140 

sec. 
p  rays  show  no  groups  of  definite  veloci- 
ties.   Chemically  allied  to  Th. 

UrXt 

Z4  4 

— 

m— 

Ura 

^_ 

—. 

Not  separable  fnnn  Ur  i. 

Probably  branch  product.    Exists  m  small 

TJrY 

300 

— 

— 

quantity. 

lo 

.1.. 

^_ 

_^ 

Chemical  properties  of  axid  non-separable 

from  Thorium. 

Ra 

soo 

.52,  .6k 

354.  x6,  .  27 

Chemical  properties  of  Ba.    x  i;r  emits 

per  sec.  in  eqi^b.  X3.6  X  io">  a  par- 
ticles. 

Ra  Em 

^"* 

•MM 

Inert  gas,  density  xix  H,  boOs  — 65*C, 
density  solid  5-6,  condenses  low  pres- 
sure —  ISO*  C. 

RaA 

^— 

— 

— 

Like  solid,  has  +  charge,  volatile  in  H, 

400*,  in  0  about  S5o*. 
VolatOe  about  400*  C  in  H.     Separated 

pure  by  recoil  from  Ra  A. 
Volatile  in  H  about  430*,  in  0  about  xcoo*. 

RaB 

13, 80. 890 

.36  to  .74 

230,  40f  •  SI 

RaCi 

13,  53 

.80  to  .98 

.ixs 

RaCi 

^-. 

Probably  branch  product.    Separated  by 
recoil  from  Ra  C. 

RaD 

130 

— 

45,  -99 

Separated  with  Pb,  not  yet  separable  from 
It.    Volatile  below  xooo*. 

RaE....... 

43 

Wide  range 

Like  RaD 

RaF 

585 

Separated  with  Bi.    Probably  changes  to 
Pb.    Volatile  about  xcoo*. 

Act 

— 

— 

— 

Probably     branch     product     Ur  series. 
Chemically  allied  to  I^anthanum. 

Rad.  Act... . 

170 

>.- 

25,  .190 

ActX 

— 

— ~ 

Chemical  properties  analogous  to  Ra. 

Act  Em  .... 

— 

» 

— 

Inert  gas,  condenses  between  —xao*  and 

« 

— X50*. 

ActA 

— . 

_. 

Analogous  to  Ra  A.    Volatile  above  400*. 
^        "  Ra  B.         "          "      700*. 

ActB 

Very  soft 

-~ 

X20,  31,  .45 

ActCi 

— 

_. 

"  Ra  C. 

ActD 

28.  s 

~~ 

.X98 

(Obtained  by  reooiL) 

r 

Tboriuic  Gkoup.                                                                         1 

Th. 

— 

-- 

— 

Volatile  in  electric  arc.   Colorless  salts  not 
spontaneously  phosphorescent. 

Mes.Th.  I.. 

— ~ 

.37  to  .66 

-" 

ChemKal  properties  analogous  to  Ra  from 
which  non-separable. 

Mes.  Th.  2.. 

ao  to  38.5 

— 

a6, .1x6 

Rad.Th 

— 

-~ 

— 

Chemically  allied  to  Th,  non-separable 
from  it. 

Th.X 

About  330 

•47       .51 

— . 

Chemically  analogous  to  Ra. 

—^ 

■"■ 

Inert  gas,  condenses  at  low  pressure  be- 

Th.A 

— . 

«— 

— 

-H  charged,  collected  on  .-  electrode. 

Th.B 

1x0 

.63       .7a 

160, 33.  .36 

Chemically  analogous  to  Ra  B.    Volatile 
above  630*  C. 

Th.  Ci 

15.6 

~™ 

Weak 

Chemically  analogous  to  Ra  C.    Volatile 

above  73o'. 
Th.  C*  and  Th.D  are  probably  respectively 

.     Th.  C 

_ 

_ 

_ 

/9  and  a  ray  products  from  Th.  Ci. 
Got   by    recoQ    from  Th.  C.     Probably 

Th.D 

34.8 

•3f  -4.  .93-5 

.096 

transforms  to  Bi. 

K 

38, 102 
380,  X020 

— 

— 

Activity  -  i/iooo  of  Ur. 
-i/SooofUr. 

Rb 
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Tables  607-610. 

RADIOACTIVITY. 
TABLB  607.  —Total  VnmlMr  of  ZOu  pxodnood  liy  tbo  a,  /3.  and  7  Raya. 


The  total  number  of  ions  per  second  due  to  the  complete  absorption  in  air  of  the  fi  rays  due  to  1 
gram  of  radium  is  9  Xio^*,  to  the  y  rays,  13  Xio". 

The  total  number  of  ions  due  to  the  a  rays  from  i  gram  of  radium  in  equilibrium  is  2.56X10'*. 
If  it  be  assumed  that  the  ionization  is  proportional  to  the  energy  of  the  radiation,  then  the  total 
energy  emitted  by  radium  in  equilibrium  is  divided  as  follows :  92.1  parts  to  the  a,  3.2  to  the  /S,  47 
to  the  y  rays.  (Rutherford,  Moseley,  Robinson.) 

« 

TABLB  508.— AmoutolRadliuBBiiiaiiatloiL    Ovzlo. 


At  the  Radiolocy  Congress  in  Brussels  in  1910.  it  was  decided  to  call  the  amount  of  emanation 
in  equilibrium  with  i  gram  of  pure  radium  one  Curie.  [More  convenient  units  are  the  millicurie 
(io""'Curie)andthe  microcurie(io~*Curie)].  The  rate  of  production  of  this  emanation  is  1.24  X 10—* 
cu.  cm.  per  second.  The  volume  in  equilibrium  is  0.59  cu.  mm.  (760  cm.,  O^C.)  assuming  the  emana- 
tion mon-atomic. 

The  Mache  unit  is  the  quantity  of  Radium  emanation  without  disintegration  products  which 
produces  a  saturation  current  of  10—^  unit  in  a  chamber  of  large  dimensions,  i  curie  =  2.5X10^ 
Mache  units. 

The  amount  of  the  radium  emanation  in  the  air  varies  from  place  to  place ;  the  amount  per  cubic 
centimeter  of  air  expressed  in  terms  of  the  number  of  grams  of  radium  with  which  it  would  be  in 
equilibrium  varies  from  24X10—^*  to  350X10—". 

TABLB  600.  —  Vaffor  PiiSfiixo  of  tbo  RaOliua  Bmanatloii  In  oma.  of  Htroiny. 

(Rutherford  and  Ramsay,  Phil.  Mag.  17.  p.  723,  1909,  Gray  and  Ramsay,  Trans. 

Chem.  Soc.  95,  p.  1073,  1909-) 

Temperature  C®.    —127°  — loi®  —65®  —56**  —10**  4-17°  4-49®   +73**  +ioo«   +104®   (crit) 
Vapor  Pressure.         0.9  5        70       100      500     1000    2000     3000     4500      4745 

TABLB  ftlO.  —  Rofimooa  to  Spootza  of  RadloaotlTo  Sniiatanooa. 

Radium  spectrum:  Demar9ay,  C.  R.  131,  p.  258,  1900. 

Radium  emanation  spectrum :     Ruthenord  and  Royds,  Phil.  Mag.  16,  p.  313*  I9C^;  Watson,  Proc 

Roy.  Soc.  A  83,  p.  50,  1909. 
Polonium  spectrum  :  Curie  and  Debierne,  Had.  7,  p.  38,  1910,  C.  R.  150,  p.  386,  191c 
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TABLE  611.  —  Molecular  Velocities. 
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The  probability  of  a  molecular  velocity  x  is  U/'>/ir):fle-'^,  the  most  probable  velocity  being  taken  as  unity.  The 
number  of  molecules  at  any  instant  of  speed  greater  than  c  is  2N(km/Tr)^  I  fe'^fit^dc  -\-u-hnu»  \  (see  table), 
where  iV  is  the  total  number  of  molecules.    The  mean  velocity  G  (sq.  rt.  of  meaA  s<l-)  is  proportional  to  the  mean 

kinetic  energv  and  the  pressure  which  the  molecules  exert  on  the  walls  of  the  vessel  and  is  equxd  to  i  f  ,800  \/T/m  an/sec , 
is  the  absolute  temperature  and  m  the  molecular  weight.    The  most  probable  vdocity  is  denoted  by  VF,  the 


where  T 

average  arithmetical  velocity  by  12. 

G  wmW  Vi/i  =  X.22SIF; 


Q  -IT  V47ir -i.i28ir;  G  - Q  Var/S  «  1.086O. 


The  number  of  molecules  striking  unit  area  of  inclosing  wall  is  ii/4)NQ  (Meyer's  equation),  where  iV  Is  the  number 
of  molecules  per  unit  volume;  the  mass  of  fa&  striking  is  (x/4)pQ  where  p  is  the  density  of  the  gas.  For  air  at  normal 
pressure  and  room  temperature  (ao**  C)  this  is  about  14  g/cmVsec.  See  Langmuir,  Pnys.  Rev.  2,  19x3  (vapor  pres- 
sure of  W)  and  J.  Amer.  Ch.  Soc.  37, 191  <  (Chemical  Reactions  at  Low  Pressures),  for  fertile  applications  of  these  latter 
equations.  The  following  table  is  based  on  Kinetic  Theory  of  Gases,  Dushman,  den.  Elec.  Rev.  x8, 19x5,  and  Jeans, 
Dynamical  Theory  of  Gases,  19x6. 


Gas. 


Air 

Ammonia 

Argon 

Ourbon  monoxide.  . 

Carbon  dioxide 

Helium 

Hydrogen 

Krypton 

Mercurv 

Molybdenum 

Neon 

Nitrogen 

Oxygen 

Tungsten 

Water  vapor 

Xenon 


Molec- 
ular 
weight. 


28.96 

17.0a 

.30.88 

38.00 

44.00 

4.00 

2.01 

82.92 

200.6 

96.0 

30.3 

28.02 

^2.00 

X84.O 
X8.02 

X3O.2 


Sq.  rt.  mean  sq. 
G  X  io"»  cm/sec. 


a73' 


485 
633 
413 
493 
393 
13XX 
X838 
286 
X84 

584 
493 
461 

6^5 
228 


293 


502 

428 

5X1 

408 

1358 

1904 
296 

X9X 

6^5 
5" 

478 

637 
236 


373' 


567 
740 
483 
576 
459 
1533 
2149 
335 
2X5 

683 
577 
539 

720 
267 


Arithmetical  average  velocity, 
Q  X  xo"*  cm/sec. 


223' 


404 
527 
344 
410 

327 
X092 

1534 
238 

154 

4B6 
4x0 
384 

512 
190 


273*. 


447 
583 
38X 

454 
36a 

X208 

X696 
263 
X70 

538 

454 
425 

566 
2x0 


293 


463 
604 

395 

471 

376 

xa52 

1755 
272 
X76 

557 
471 
440 

587 
2x8 


373 


522 
68x 
445 
531 

434 

14x2 

X980 

308 

199 

629 
531 
497 

662 
246 


lOOO 


855 

III5 

729 
870 

694 
2300 

3241 
502 
325 

469 

XO3O 

869 

8X3 

339 
X0S4 

400 


xsoo' 


IOA7 

1307 
892 

1065 
850 

2840 

3970 

6x8 
398 
575 
X260 
1064 
996 
4x6 

1317 
493 


2000 


X209 

1577 
1030 
X230 
98X 
3270 

4583 
7x2 

459 

664 

X460 

X229 

1x50 

480 

X533 

S70 


6000" 


2094 

2734 
1784 
2130 
X700 
5680 
7940 
X236 

796 
XX50 
2520 
2x28 
1992 

832 


Free  electron,  molecular  weight 
at  o*  C. 


1/1835  when  ff  -  i;  G=  x.xx4  X  xo'  at  o*  C  and  0  -  1.026  X  io» 


TABLE  612.  —  Molecular  Free  Paths,  Collision  Frequencies  and  Diameters. 

The  following  table  gives  the  average  free  path  ^derived  from  Boltzmann's  formula  m  ( .  3S02pO),  n  being  the  vis- 
cosity.p  the  density,  and  from  Meyer's  formula  fx{.3097f3Q).  Experimental  values  (Verb.  d.  Phys.  Ges.  14,  596,  X9xa; 
15.  373>  1913)  ftSrec  better  with  Meyer's  values,  although  many  prefer  Boltzmann's  formula.  As  the  pressure  decreases, 
the  free  path  ixicreases,  at  one  bar  (oidixuiry  incandescent  lamp)  becoming  5  to  xo  cm.  The  diameters  may  be  deter- 
mined from  L  by  Sutherland's  equation  {x.402/\/3xi\r£(x  -f-  C/T)]^,  N  being  the  number  of  molecules  per  uxiit 
vol.  and  C  Sutherland's  constant;  from  van  der  Waal's  b.  lib/aNVinh  from  the  heat  conductivity  k,  the  specific 
heat  at  constant  volume  cv,  {.i4.6pGcv/Nki^  (Laby  and  Kaye);  a  superior  limit  from  the  maximum  density  in  solid 
and  liquid  states  (Jeans,  Sutheriand,  19x6)  and  an  inferior  limit  from  the  dielectric  constant  D,{(D  —  i)2/irN]^> 
or  the  index  of  refractionn,  {{n*  —  i)a/irN}*.   The  table  is  derived  principally  from  Dushman,  Ix. 


•  Gbs. 

L  X  10^  (cm) 
Average  free  path.* 

Collision 

frequency. 

U/L 

Xio-« 

20*C* 

10*  X  Molecular  diameters  (cm): 

From  L 

(vis- 
cosity) 
M 

From 

van  der 

Waal's 

b 

From 
heat 
conduc- 
tivity 

Limiting 

Boltzmaim. 

Meyer. 

Max. 

density 

P 

Min. 
D  or  n 

o'C 

ao^C 

ao'C 

Ammonia 

Argon 

8.98 

8.46 

5.56 

25.  as 

x6.oo 

9.5 

8.50 
9.  OS 
5.6 

6.60 
9.88 

9.23 
6.X5 

27.45 
17.44 

(14-70) 
9-29 
9-93 

5. 83 

8.73 
8.x6 

5.44 
33.10 
15.40 

(13.0) 
8.  ax 
8.78 

9150 
4000 
5x00 

6xao 

4540 

X0060 

5070 
4430 

3  19 
3.34 
1.90 
2.40 

3.15 
a. 98 

3.08 

2.94 
3.xa 

3.23 
2.65 

2.34 

(3-69) 

3.01 

3.15 
2.9a 

4.0a 

a^6 

3-40 
a.  30 
a. 3a 
3- 14 

3.53 

3-42 

2T87 
3.27 

i:U 

a. 40 
.3.35 

3-a3 
2.99 
3.55 

a. 66 
3.74 
a. 90 
x.9a 

3.X7 

(2.70) 

2.95 
2.7X 

(3.18) 

Carbon  monoxide. 

••      dioxide. . . 

Helium 

Hydrogen 

Krypton 

iV'  *"'    

Nitrogen 

Xenon 

*  Pressure  ^  xo*  bars  »■  xo*  dynes  +  cm'  «  75  cm  Hg. 
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Tables  BU-614. 
TABLE  613.  —  CroBS  Sections  and  Lengths  of  Some  Organic  Molecoles. 


According  to  Lannnuir  (J.  Am.  Ch.  Soc.  38,  3221,  iqi6)  in  solids  and  liquids  every  atom  b  chemically  mmbmrd 
to  adjacent  atoms.  In  most  inorganic  substances  the  identity  oi  the  molecule  is  generally  lost,  but  in  organic  cook- 
pounds  a  more  permanent  existence  of  the  molecule  probably  occurs.  When  oil  spreads  over  water  evidence  points 
to  a  layer  a  molecule  thick  and  that  the  molecules  are  not  spheres.  Were  they  spheres  and  an  attractkxi  existed  be- 
tween them  and  the  water,  they  would  be  dissolved  instead  of  spreading  over  the  surface.  The  presence  of  the  —  CXX>H, 
—CO  or  —OH  groups  generally  renders  an  organic  substance  soluble  in  water,  whereas  the  byorocarbon  chain  decreases 
the  solubiliw.  When  an  oil  is  placed  on  water  the  —  COOH  groups  are  attracted  to  the  Water  and  the  hydrocaxboD 
chains  repelled  but  attracted  to  each  other.  The  process  leads  the  oil  over  the  surface  until  all  the  —  CX)OH  groops 
are  in  contact  if  possible.  Pure  hydrocarbon  oQs  will  not  spread  over  water.  Benzole  will  not  mix  with  water.  When 
a  limited  amount  of  oil  is  present  the  spreading  ceases  when  all  the  water-attracted  groups  are  in  contact  with  water. 
If  weight  w  of  oil  spreads  over  water  surface  A ,  the  area  covered  by  each  moleciile  is  AM/wN  where  M  b  the  molec- 
ular weight  of  the  oil  (O  »  x6),  N,  Avogadro's  constant.  The  vertical  length  of  a  moleciile  /  »  M/apN  «  W/pA 
where  p  is  the  oil  density  and  a  the  horizontal  area  of  the  molecule. 


Substance. 


Pahnitic  acid  CuHiiCOOH 

Stearic  acid  CnHwCOOH 

Cerotic  acid  C»H»iCOOH 

Oleic  acid  CnHaCOOH 

Linoleic  acid  CnHaiCOOH 

Linolenic  acid  CitH»CXX)H 

Ricinoleic  acid  Ci7Hn(OH)COOH 


Cross 

section 

in 

cm* 

X  io»« 

/  in  cm 

aength) 

Xio» 

24 

19.6 

24 

21. 8 

25 

48 

29.0 
X0.8 

a? 

10.7 
7.6 

90 

5.8 

Substance. 


Cetyl  alcohol  CmHi^H 

Myricyl  alcohol  CaoHnOH 

Cetyl  pahnitate  CitHaiCOOCiiHa 

Tristearin  (Ci«H8«Ot)aC«H» 

Triehudin  (Ci»EI«0i)3C«Hs 

Triolein  (CisH»0<)>aHt 

Castor  oil  (CwH«(OH)COO)iaH* 
Linseed  oil  (Ci7HjiCOO)iCsHi. . . . 


Cross 

section 

/  m  cm 

m 

(length) 

cm* 

Xio» 

Xi6»« 

21 

21. 9 

39 

3S.a 

3Z 

440 

69 

23.7 

137 

11.9 

145 

IZ.2 

280 

S-7 

143 

XI. 0 

TABLE  614.  —  Size  of  Diffracting  Units  in  Ci78tals.1f 

The  use  of  crystals  for  the  analsrsis  of  X-rays  leads  to  estimates  of  the  relative  sizes  of  molecular  magnitudes.  The 
diffraction  phenomenon  is  here  not  a  surface  one,  as  with  gratings,  but  one  of  interference  of  radiations  reflected  from 
the  regularly  spaced  atomic  units  in  the  crystab,  the  units  fitting  into  the  lattice  framework  of  the  crystal.  In  cubical 
crystals  [zooj  this  framework  is  built  of  three  mutually  perpendicular  equidistant  planes  whose  distance  apart  in 
crystallographic  parlance  is  ^fioo.  This  method  of  analysis  from  the  nature  of  the  diffraction  pattern  leads  also  to  a 
knowledge  of  the  structure  of  the  various  atoms  of  the  crystal.  See  Bragg  and  Bragg,  X-rays  and  Ciystal  Stnicture, 
X918. 


■ 

Crystal. 

Elementary 
diffracting  element. 

Side  of  cube. 

Molecules  or 

atoms  in  unit 

cube. 

1 

KCl 

Face-centered  cube  * 
(1          II          II 

II                       II                        II         X 

II              II              II      f 

•  1                    U                      II         t 

Body-centered  cube 

Face-coitered  cube 

Body-centered  cube 
li           11          II 

Face-centered  cube 

cm 
6.30  X  xo-« 
5.56X10-* 
5.46  X  io-« 
S.40  X  io-« 
S.26Xio-« 

2.86  Xio-« 
4.05  X  io-« 
4.30  X  xo-« 
2.76  X  io-» 
3.52  X  xo-» 

4   molecules 
ti 

II 

11 

K 

2  atoms 

4      " 

3  " 

3  " 

4  " 

NaCl 

ZnS 

CaFi 

FeSi 

Fe 

Al 

Na 

Ni 

It 

*  Each  atom  is  so  nearly  equal  in  diffracting  iMwer  (atomic  weight)  in  KCl  that  the  apparent  unit  diffractiiig  dfliimit 
is  a  cube  (simple)  of  \  this  size.  Elementary  body -centered  cube,  —  atom  at  each  comer,  one  in  center;  e.g.,  Fe,  Ni  (in 
part),  Na,  Lir  Elementanr  face-centered  cube,  —  atom  at  each  comer,  one  in  center  of  each  face;  e^g.,  Cu,  Ag,  Au. 
Pb,  Al,  Ni  (in  part) .  etc.  Simple  cubic  lattice,  —  atom  in  each  corner.  Double  face-centered  cubic  or  oiaiDond 
—  C  (diamond);  Si,  Sb,  Bi,  As?,  Te?. 

t  Diamond  lattice.  X  Cubic-holohedral.  {  Cubic-pyritohedraL 

Metals  taken  from  Hull,  Phys.  Rev.  xo.  p.  661,  X917 

f  See  Table  528  for  best  values  of  calcite  and  rock-salt  grating  spaces. 
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Table  •!•.  ^OI 

ELECTRONS.  RUTHERFORD  ATOM.   BOHR  ATOM,  MAGNETIC  FIELD  OF  ATOM. 

References:  Millikan,  The  Electron,  1917;  Science,  ^15,  421,  19x7;  Huinphre3rs,  Science.  46,  373,  1917;  Lodge. 
Nature,  104,  15  and  82.  19x9;  Thomson,  Conduction  01  Electricity  through  Gases;  CampbeU,  Modem  Electrical 
Theory;  Lorentz,  The  Theory  of  Electrons;  Richardson,  The  ElectnMi  Theory  of  Matter,  19x4. 

Electron:  an  elementary  -H  or  —  unit  of  electricity. 

Free  n^attre  electron:  (corpuscle,  J.  J.  Thomson);  mass  »  9. ox  X  xo~^  i-  x/z84S  H  atom,  probably  all  of 
electrical  origin  due  to  inertia  of  self-induction. 

Theory  shows  that  when  speed  of  electron  •=  z/xo  velocity  of  light  its  mass  should  be  appreciably  dependent  upon 
that  speed.    If  mo  be  mass  for  small  velocity  v,  m  be  the  transverse  mass  for  v,  9/(velocity  of  light)  •»  fi,  then  m  — 

mo(x  —  /3*)>,  Lorentz,  Einstein; 


for/9  "  o.ox 

0. 10 

0.2 

°'3  0 

0.4 

o.S 

0.6 

0.7 

0.8 

0.9 

m/ma  »  x. 00005 

Z.005 

X.03 

Z.048 

Z.091 

iiSS 

1.350 

X.400 

1.667 

3.394 

(Confirmed  by  Bucherer,  Ann.  d.  Phjrs.  X909,  Wotz,  Ann.  d.  Phys.  Radium  ejects  electrons  with  3/zo  to  98/100  velocity 
of  light.)  m,  due  to  charge  »  lE^/sa,  E  —  charge,  a  —  radius,  whence  radius  of  electron  «■  3  X  xo~i*  cm  «  z/50,000 
atomic  radius.    Cf.  (radius  of  earth)/ (radius  of  Neptune's  orbit)  »  x/360,000. 

Poaitiye  electron:  heavy,  extraordinarily  small,  never  found  associated  with  mass  less  than  that  of  H  atom.  If 
mass  all  electrical  (?)  radius  must  be  1/2000  that  of  the  —  electron.  No  experimental  evidence  as  with  —  electron, 
since  high  enough  speeds  not  available.  Penetrability  of  atom  by  fi  particle  (may  penetrate  xo,ooo  atomic  systems 
l)efore  it  happens  to  detach  an  electron)  and  a  particles  (8000  times  more  massive  than  —  electron,  pass  through  500,000 
atoms  without  apparent  deflection  by  nucleus  more  than  2  or  3  times)  shows  extreme  minuteness.  Upper  limit:  not 
larger  than  xo'**  cm  for  Au  (heavy  atom)  or  zo'^,  H  (light  atom)  (Rutherford).  Cf.  (radius  sun)/ (radius  Neptune's 
orbit)  ai  1/3000,  but  sun  is  laiger  than  planets.  (Hg  atoms  by  billions  may  pass  through  thin-walled  highly-evacuated 
glass  tubes  without  imixurizig  vacuum,  therefore  massive  parts  of  atoms  must  be  extremely  small  compared  to  volume 
of  atom.) 

Rutheiford  atom:  number  of  free  +  charges  on  atomic  nuclei  of  different  elements  ~  approximately  }  atomic 
weight  (Rutherford,  Phil.  Mag.  2X,  X9zz,  deflection  of  a  particles);  BarkU  concluded  free  —  electrons  outside 
nucleus  same  in  number  (Phil.  Mitf.  2Z,  Z9zz,  X-ray  scattering).  If  mass  is  electromagnetic,  then  lack  of  exact  equiva- 
lence may  be  due  to  overlapping  nelds  in  heavy  crowded  atoms,  a  sort  of  [Kicking  effect;  the  charge  on  U  »■  92,  at.  wt. 
a>  338.5.  Moseley  (Phil.  Mag.  26,  Z9Z2;  27,  19x4)  photographed  and  analyzed  X-ray  spectra,  showing  their  exact 
similarity  in  structure  from  element  to  element,  differizig  only  in  frequencies,  the  square  roots  of  these  frequencies 
forming  an  arithmetical  progrnsion  from  element  to  element.  Moseley's  series  of  increasing  X-ray  freauencies  is  with 
one  or  two  exceptions  that  of  increasing  atomic  weights,  and  these  exceptions  are  less  anomalous  for  the  X-ray  series 
than  for  the  atomic-weight  series.  It  seems  pUusible  then  that  there  are  92  elements  (from  H  to  U)  buQt  up  by  the 
addition  of  some  electri^  element.  Moseley  assigned  successive  integers  to  this  series  (see  Table  531)  known  now  as 
atomic  numbers. 

Moseley's  discovery  may  be  expressed  in  the  form 

»ii      El         Ai      £1* 
iH  "  £t  °'  Xi  "  £t« 

where  E  is  the  nuclear  charge  and  A  the  wave-lenKth.  Substituting  for  the  highest  frequency  line  of  W^  As  <*  0.X67 
X  xo~*  cm  (Hull),  £s  «■  74  »  iVw,  and  Ex  *»  1,  then  Xi  ^  highest  possible  frequency  by  dement  whidi  has  one 
-f-electron;  Xi  —  9X.a  mfi.  Now  the  H  ultra-violet  series  highest  frequency  line  :-  9Z.3  m/x  (Lvman);  i.e..  this  ultra- 
violet line  of  H  is  notiiing  but  its  K  X-ray  line.  Similarly,  it  seeoas  equally  certain  that  the  ordiiuuy  Balmer  series  of 
H  (head  at  365  m/x)  is  its  L  X-ray  series  and  Paschen's  intra-red  series  its  M  X-ray  series. 

There  may  be  other  —  electrons  on  the  nucleus  (with  corresponding  +  charges)  since  they  seem  to  be  shot  out 
by  radioactive  processes.  They  may  serve  to  hold  the  +  charges  together.  He,  atomic  no.  »  3,  has  3  free  4-  charges, 
at.  wt.  «  4;  may  imagine  nucleus  has  4  +  electrons  held  together  by  3  —  electrons,  with  3  —  electrons  outside  nucleus. 
H  has  one  -f-  and  one  —  electron. 

The  appllcatbn  of  Newton's  law  to  Moseley's  law  leads  to  Ei/Et  ~  at/ai,  where  the  a's  are  the  radii  of  the  inmost 
—  electronic  orbits,  i.e.,  the  radii  of  these  orbits  are  inversely  proportional  to  the  central  char^  or  atomic  numbm. 

(Note:  When  an  a  particle  (-H  chaz^  »  2e)  is  emitted  by  a  radioactive  element,  its  atomic  number  decreases  by 
3,  the  emission  of  a  —  charged  particle  increases  its  atomic  number  by  z.) 

Bohr  atom:  (PhO.  Mag.  36,  z,  476,  857, 19x3;  29.  33a.  X9X5;  30,  394.  X915).  The  experimental  facts  and  the  law 
of  circular  dectronic  orbits  limit  the  electrons  to  orbits  of  partiailar  nidii.  When  an  electron  is  disturbed  from  its 
orbit,  e.g.,  stnick  out  by  a  cathode  ray,  or  returns  from  space  to  a  pa];ticular  orbit,  energy  must  be  radiated.  It  is  sug- 
gestive that  the  emission  of  a  /9  rav  requires  a  series  of  y  ray  radiations.  H  does  not  radiate  unless  ionized  and  then 
gives  out  a  spectrum  represented  by  Balmer's  formula  v  ^  Nii/ni*  —  z/m*)  where  v  is  the  frequency,  N,  a  constant, 
and  f»i  for  aU  the  lines  in  the  visible  spectrum  has  the  value  2,  n,  tht  successive  inte^:er5,  3,  4,  5,  .  .  .;  if  tti  ~  z  and  n, 
3,3,4,.  •  .,  Lyman's  iiltra-violet  series  results;  ifiti  ■-3,m.  4,5,6,.  .  .,  Paschen's  mfra-red  series.  These  considera- 
tions led  Bohr  to  his  atom  and  he  assumed:  (a)  a  series  of  circular  non-radiating  orbits  governed  as  above;  (b)  radia- 
tion taking  place  only  when  an  electron  jumps  xrom  one  to  another  of  these  orbits,  the  amount  radiated  and  its  frequency 
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BOHR  ATOM.  MAGNETIC  FIELD  OF  ATOM. 

being  detennined  by  Ap  »  i4i  —  At,  A  being  Planck's  constant  and  Ai  and  At  the  energies  in  the  two  orbits;  ic)  the 
various  possible  circular  orbits,  for  the  case  of  a  single  election  rotating  around  a  single  positive  nucleus,  to  be  deter- 
mined by  r  ■■  (x/2)rAm,  in  which  r  is  a  whole  numb^,  n  b  the  orbital  frequencv,  and  r  is  the  kinetic  eneiv^  of  ZDtatioa. 

The  remarkable  test  of  this  theory  is  not  its  agreement  with  the  H  series,  which  it  was  constructed  to  nt,  but  m  the 
value  found  for  N.  From  (a),  (b),  and  (c)  it  follows  that  N  -■  {2ii*^E^)/k^  -■  3-204  X  xo",  n^ithm  i/xo  per  cent  of 
the  observed  value  (Science,  45,  p.  327)- 

The  radii  of  the  stable  orbits  -■  T*ifi/^'Khru^^  or  the  radii  bear  the  ratios  x,  4, 9,  x6,  25.  If  nonnal  H  be  ••mmw**!  to  be 
with  its  electron  in  the  inmoett  orbit,  then  2a  >  i.i  X  zo~*;  best  determination  gives  2.3  X  io~*.  The  fsct  that  H 
emits  its  characteristic  radiations  only  when  ionized  favors  the  theory  that  the  emission  process  is  a  settling  down  to 
normal  condition  through  a  series  of  possible  intermediate  states,  i.e.,  a  change  of  orbit  is  necessary  for  radiation.  That 
in  the  stars  there  are  33  lines  in  the  Balmer  series,  while  in  the  laboratory  we  never  get  more  than  Z3,  is  easily  explica- 
ble from  the  Bohr  theory. 

Bohr's  theory  leads  to  the  relationship  vjr   —vj^     «  vj^     (see  X-ray  tables),  Rydberg-Sdiuster  law. 

Baa 

For  further  development,  see  Sommerfela,  Ann.  d.  Phys.  51,  x,  X916,  Paschen,  Ann.  d.  Phys.,  October,  19x6; 
Haikins,  Recent  work  on  the  structure  of  the  atom,  J.  Am.  Ch.  Soc.  37,  P-  1396,  1915;  39,  P-  856,  19x6. 

Magnetic  field  of  atom:  From  the  Zeeman  e£fcct  due  to  the  action  of  a  magnetic  field  on  the  radiating  dection  the 
strength  of  the  atomic  magnetic  field  comes  out  about  10*  gauss,  3000  times  the  most  intetise  field  yet  obtained  by  an 
electromagnet.  A  similar  result  is  given  by  the  rotation  of  a  number  of  electrons,  Axo*,  where  A  is  the  atomic 
weight;  for  Fe  this  gives  10*  gauss.  Por  other  determinations,  see  Weiss  (J.  de  Phys.  6,  p.  66x,  X907;  7.  p.  349,  1908), 
Rita  (Aim.  d.  phys.  25,  p.  660,  x9o8>,  Oxley  (change  of  magnetic  susceptibility  on  crystallization,  Phu.  Tr.  Roy.  Soc. 
2x5,  p.  95, 19x5)  and  Meiritt  (fluorescence,  19x5);  Humphreys,  "The  Magnetic  Field  of  an  AtcMn,"  Science,  46,  p.  276, 
19x7. 
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Note:  The  phenomena  of  Electron  Emission,  Photo-electric  Effect  and  Contact  (Volta)  Potential  treated  in  the 
subsequent  tables  are  extremely  sensitive  to  surface  conditions  of  the  metal.  The  most  consistent  observations  have 
been  made  in  high  vacua  with  freshly  cut  metal  surfaces. 

TABLE  516.    Electron  SmisBlon  from  Hot  Metals. 
Among  the  free  electrons  within  a  metal  some  may  have  velocities  great  enough  to  escape  the  surface  attraction. 

The  number  n  reaching  the  surface  with  velocities  above  this  critical  velocity  >■  NiRT/2irBi)^e~BT  where  27^ 
nxmiber  of  electrons  in  each  cm*  of  metal,  R  the  gas  constant  (83.15  X  xo^  erg-dyne).  T  the  absolute  temperature,  M 
the  atomic  wekht  <d  electron  (.000546,  O  <»  x6),  v  the  work  done  when  a  "gram-molecule"  of  electrons  (6.06  X  xo" 
electrons  or  90J500  coulombs)  escape.  It  seems  very  probable  that  this  woric  b  done  against  the  attraction  of  the 
electron's  own  induced  image  in  the  surface  of  the  conductor.  When  a  sufficiently  high  -f-  field  is  applied  to  escaping 
electrons  so  that  none  return  to  the  conductor,  then  the  saturation  current  has  been  found  to  foUow  the  equation 

{-aVfi-l>/T 

f^MKntnmg  If  and  V  constant  with  the  temperature;  this  is  equivalent  to  the  equation  for  n  just  given  and  b  known  as 
Richardson's  equation.  In  the  following  table  due  to  Langmuir  (Tr.  Am.  Electroch.  Soc.  29,  X2<,  1916)  i'moo  ■■  satura- 
tkm  current  per  cm^  for  T  -■  2000  K®;  0  »  w/P  -■  Rb/F  *:  work  done  when  electrons  escape  from  metal  in  terms  of 
equivalent  potential  difference  in  volts;  P  *:  Faraday  constant  ■■  96,500  coulombs. 


Metal. 


Timgsten  * 

Thorium 

Tantalum 

Molybdenum 

C^bon  (untreated) 

Titanium 

Iron 

Platinum  f 


a 
amp/cm* 


2.36  X  loT 

2.0  X  xo» 
x.xa  X  lo^^ 

2.1  X  xo' 

1300? 

2400? 

1 .  25  X  10' 


52500 
39000 
50000 
50000 

48000 
28000? 
37000? 
5x060 


amp/cm* 


0.0042 
30.0 
0.007 
.0x3 

.048? 

.00x0? 

.0035 


Ati 


(volts). 


452 
336 
4.3X 
4.3X 
4x4 
a.  4? 
3-2? 

4.4 


'Z4CO 


',  .0 .  i  '»  Z  r. 


*  Best  determined  value  of  table,  pressure  less  than  xo^  mm  Hg.        f  Schlichter,  X9X5. 

TABLE  517.    Photo-electric  Effect. 

A  n^atively  charged  body  loses  its  charge  under  the  influence  of  ultra-violet  light  because  of  the  escape  of  nega- 
tive electrons  freed  by  the  absorption  of  the  enerigy  of  the  light.  The  light  must  have  a  wave-length  shorter  than  some 
limiting  value  Xo  Characteristic  of  the  metal.  The  emission  of  these  electrons,  unlike  that  from  hot  bodies,  b  independ- 
ent of  the  temperature.  The  relation  between  the  maximum  velocity  9  of  the  expelled  dectron  and  the  freauency  v 
of  the  light  b  (x/2)mv*  ^  kv  —  P  (Einstein's  equation)  where  k  b  Planck's  constant  (6.58  X  xo"*  ct^.  sec.):  hf  some- 
times taken  as  the  eneigy  of  a  "quanta,"  P,  the  work  which  must  be  done  by  the  electron  in  overcoming  sumce  forces. 
(i/2)mv^  b  the  maximum  kinetic  ene^  the  electron  may  have  after  escape.  Richardson  identifies  the  P  of  Einstein's 
formula  with  the  w  of  electron  emission  of  the  preceding  table.  The  minimum  frequency  v«  (corresponding  to  maxi- 
mum wave-length  \o)  at  which  the  photo-electric  effect  can  be  observed  b  determined  bv  Av  ■■  P.  P  applies  to  a 
single  electron,  whereas  v  applies  to  one  coulomb  (6.062  X  10**  electrons);  therefore  w  «  ffP  «■  .00399V0  ens.  ^  » 
<X3.4  X  xo~*)Xo  volts.  See  Millikan,  Pr.  Nat.  Acad,  a,  78, 19x6;  Phys.  Rev.  7,  355,  X9x6;  4,  73,  19x4;  Henmngs, 
Pbya.  Rev.  4,  228,  19x4. 

TABLE  518.    Ionizing  Potentisls  and  Single-line  Spectrs. 

When  dections  are  accelerated  through  gases  or  vapors,  especially  those  with  small  electron  affinity  (inert  gases, 
metallic  vapors)  at  well-defined  potentials  a  lar^  transfer  of  energy  takes  place  between  the  moving  electrons  and 
the  gas  atoms.  There  appear  to  be  two  types  of  melastic  encounters  under  such  circumstances:  the  first  accompanied 
by  tiw  emission  of  a  radiation  of  a  single  line  at  a  potential  called  the  resonance  potential  and  satisfying  the  relation 
iiai>  a  «V  where  F  b  the  potential  fall,  v  the  frequency  and  h  Planck's  constant;  the  second  ionizes  the  gas  (ionization 
potential),  exciting  the  radiation  of  a  composite  spectrum.  The  latter  potential  satisfies  a  rdation  kf  "  eV  except 
that  p  b  now  the  limiting  frequency  of  a  series  of  lines.  The  following  table  was  communicated  by  Tate  and  Foote 
(see  Phil.  Mag.  36,  64,  19x8). 


•  Ionization 

Resonance 

• 

potential.* 

At 

potential.* 

At 

Metal. 

X 

ixo«7 

X 

Zid" 

Observers. 

Obs. 

Comp. 

Obs. 

Comp. 

Na 

24x2. 63t 

S.13 

5. II 

6.57 

5889.97 

< 
^.12 

2.09 

6.63 

Tate  and  Foote 

K 

2856.65:: 

4.x 

4.32 

6.23 

7664.94 

1. 55 

1. 61 

6.31 

«(            K               (1 

Rb .... 

2968.40:: 
3184.28:: 

4.1 

4.15 

6.46 

7800.29 

1.6 

1.58 

6.62 

Foote,  Rognley,  Mohler 

Cs 

3-9 

3.87 

6.59 

852X.X2 

i.d8 
2.05 

I-4S 

6.69 

Mg 

X62X.7S 

7-75 

7.61 

6.67 

4571.38* 

2.70 

6.4,3 

Foote  and  Mohler 

Zn..... 

1319-95 
1378.69 

8!92 

9-34 

6.66 

3075.991 

4.1 

4.0X 

6.70 

Tate  and  Foote 

CM 

8.9S 

6.53 

3260. X7 J 

3-88 

3.78 

6.71 

((       ••       « 

Hg .... 

X 187. 96$ 

X0.3S 

XO.38 

6.53 

2536. 72I1 

4.9 

4.86 

6.60 

Tate,  Davb,  Goucher, 

others 
Tate  and  Mohler 

•n 

? 

7.3 

— 

_— 

XX5X3.22II 
67i7-69ir 
4226.73** 

X.07 

x.or 

6.54 

Ca 

2027. 56S 

6.04 

6.08 

— 

1.93 

X.84 

Mohler  and  Foote 

Ca 

— 

— 

— 

— 

3.0 

2.92 

— 

«            u            << 

As 

— 

XI. 5 

— 

— 

4.7 

— 

— 

Foote,  Rognley,  Mohler 

Fb 

^^^m 

8.0 

"^^ 

^^^ 

^^^ 

1.26 

^■^ 

~— 

Mohler  and  Foote 

Mean  of  Coia 

»DTED  h  =6.55  X  io-»  Eao. 

SEC. 

■ 

♦  (Computed  from  relation  F<  —  to'  or  K  —  X2334/X  volts;   X  in  Angstrom  units. 

t  Computed  from  k  =  0.5308X Vio"*  1  Limit  of  principal  series. 

(Limit  of  principal  series  of  single  lines,  i.sS.  J!  Short  wave-length  line  of  first  doublet  of  principal  series. 

1  Combination  series  line  lsS-^  apt  **  First  line  principal  series  single  lines  1.55  —  aP. 
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Table  ilS.  ^ 

CONTACT  (VOLTA)  POTENTIALS. 


There  has  been  considerable  oontroversy  over  the  re&lity  and  nature  of  the  contact  differences  of  potential 
two  metals.  At  present,  due  to  the  studies  of  Langmuir,  there  is  a  decided  tendency  to  believe  tha.t  this  Volta  differ- 
ence of  potential  is  an  intrinsic  property  of  metals  closely  allied  to  the  phenomena  iust  given  in  Tables  516  to  5x8  aiKi 
that  the  discrepancies  among  dmerent  observers  have  been  caused  by  the  same  disturbing  surface  conditions.  The 
following  values  of  the  contact  potentials  with  silver  and  the  relative  photo-sensitiveness  of  a  few  of  the  nwtab  axe 
from  Henning,  Ph^.  Rev.  4,  228,  19x4.  The  values  are  for  freshly  cut  surfaces  in  vacuo.  Freshly  cut  suxfaoes  axe 
more  electro-positive  and  grow  more  dectro-negative  with  age.  That  the  observed  initial  velocities  <A  «Twi*Mftw  of 
electrons  from  freshly  cut  surfaces  are  nearly  the  same  for  all  metab  suggests  that  the  more  electro-positive  a  metal  h 
the  greater  the  actual  velocity  of  emission  of  electrons  from  its  surface. 


Contact  potential  with  Ag. . . 
Relative  photo-sensitiveness , 


Ag 

o 

SO 


Cu 
OS 
60 


Fe 

.19 

6S 


Brass 

.2X 

45 


Sn 

.27 
70 


Zn 

-59 
80 


Al 

•99 
Soo 


Mg 

1.42 
xooo 


Fxom  the  equation  10  *:  RT  log(i\r^/N3),  where  w  is  the  work  necessary  per  gram-molecule  when  electrons  i^ss 
through  a  surface  barrier  separating  concentrations  iV^  and  N^  of  electrons,  it  can  be  shown  (Langmuir,  Tr.  Am. 
Setzoch.  Soc.  29,  X42, 19x6,  et  seq.)  that  the  Volta  potential  diflFerence  between  two  metals  should  be 


n-vf^lm-wi-^RT  logCiV^/^^))  - 


wt  —  wi 


^  —  ^i 


(see  Table  5x7  for  significance  of  symbols),  since  the  number  of  free  electrons  in  different  metals  per  unit  volume  is  so 
nearly  the  same  that  RT  log  {Nj^/Nf^  may  be  neglected.  The  contact  potentials  may  thus  be  calculated  from  photo- 
electric phenomena  (see  Table  517  for  references).  They  are  independent  of  the  temperature.  The  following  tabfe 
gives  a  summary  of  values  of  ^  in  volts  obtained  from  the  various  phenomena  where  an  dectzon  b  torn  from  the  attrac- 
tion of  some  surface.  In  the  case  of  ionization  potentials  the  work  necessary^  to  take  an  dectzon  from  an  atom  <rf  metal 
vapor  is  only  approximately  equal  to  that  needed  to  separate  it  from  a  sohd  metal  surface. 


(a)  Thz  Eixctson  AmNmr  or  thx  Elements,  in  Volts. 


Metal. 


Contact. 

(Henning.) 


Tungsten 

Platinum 

Tantaliun 

Molybdenum 

Carbon 

Silver 

Copper 

Bismuth 

Tm 

Iron. 

Zinc 

Thorium 

Aluminum. . . 
Magnesium. . 
Titanium. . . . 

Lithium 

Sodium 


40s 
(4_^) 

3- 78 
3.86 
3.46 

3.06 
2.63 


Thermionic. 
(Langmuir.) 


4-52 

4-31 
4.31 
4.X4 


3.2? 

336 

27i? 


Photo- 
dectric 

and 

contact. 

(Millikan.) 


2.35 
1.82 


Photo- 
electric 
(Richardson) 

Miscel- 
laneous. 

Single- 
line 
spectra. 

4-3 

4-45 

— 

41 

— 

— 

3.7 

— 

3  5 

• 

3.4 

— 

4.04 

2.8 

— 

— 

3-2 

— 

4-35 

— 

— 

x.8s 

2.1 

~ 

2. XX 

Adjusted 
mean. 


4  52 

4-4? 

4-3 

4-3 

4-X 

4.1 

4-0 

3  7 


8 
7 
4 
4 
,0 

7 
4 
35 


X.82 


(6)  It  should  not  be  assimied  that  all  the  emf  of  an  electrolytic  cell  is  contact  emf .  Its  emf  varies  with  the  elec- 
trolyte, whereas  the  contact  emf  is  an  intrinsic  property  of  a  meul.  There  must  be  an  emf  between  the  two  dectrodes 
of  such  a  cell  dependent  upon  the  concentration  ot  the  dcctrolyte  used.  The  following  table  gives  in  its  first  line  the 
electrode  potential  e;^  of  the  corresponding  metals  (in  solutions  of  their  salts  containing  normal  ion  concentration)  on 
assumption  of  no  contact  emf  at  the  junction  of  the  metab.  The  second  line,  ^  —  0^^  —  5.7  volts,  gives  an  idea  of  the 
electrode  potentials  (arbitrary  zero)  ezdusive  of  contact  emf. 


Metal 

Ag 

Cu 

Bi 

Sn 

Fe 

Zn 

Mg 

Li 

Na 

«. 

+0.80 
—0.40 

+0.34 
+0.04 

+0.20 
-i-o.2o 

— o.io 
—0.20 

-0.43 
-0.43 

—0.76 
—0.46 

-1.55 
-0.55 

-3.03 
-X.65 

-2-73 
—0.85 

A 

0  -«A  -3.7 
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Tlie  process  of  ionization  is  the  removal  of  an  electron  from  a  neatral  molecule,  the  molecule  thus  acquiring  a  result- 
ant +  charge  and  becoming  a  +  ion.  The  negative  carriers  in  all  ^ases  at  high  pressures,  except  inert  gases,  consist 
for  the  most  part  of  carriers  with  approximately  the  same  mobilities  as  the  +  ions.  The  negative  electrons  must, 
therefore,  change  initially  to  ions  by  imion  with  neutral  molecules. 

The  mobility,  I/,  of  an  ion  is  its  velocity  in  cm/sec.  for  an  electrical  field  of  one  volt  per  cm.  The  rates  of  diffusion, 
D,  are  given  in  cm'/sec.  U  =  DP/Ne,  where  P  is  the  pressure,  N,  the  number  of  molecules  per  unit  volume  of  a  gas 
and  e  the  electronic  charge. 

Nature  of  the  gas  andf  the  mobilities:  (x)  The  mobilities  are  approximately  proportional  to  the  inverse  sq.  rts.  of 
the  molecular  weights  of  the  permanent  gasesj  better  vet  when  the  proportionality  is  divided  by  the  4th  root  of  the 
dielectric  constant  minus  unity;  (2)  The  ratio  £/  +  /17  —  seems  to  be  greater  than  unity  in  all  the  more  electro- 
negative gases. 

Mobilities  of  Gaseous  Mixtures:  Three  types:  (x)  Inert  gases  have  high  mobiliti^;  small  traces  of  electro- 
negative gases  make  values  normal.  (2)  Mixed  gases:  lowering  of  mobilities  is  greater  than  would  be  expected  from 
simple  law  of  mixture.    (3)  Abnormal  dianges  produced  by  adaition  of  small  quantities  of  electro-negative  gases: 

e.g.:  normal  mobility  U  •{•  ^ 

6  mm  CtHiBr  gave 
6  mm  CtHsI 
zo  mm  CsHsOH 
9  mm  CiHcO 

Temperature  Coefficient  of  Mobility:  There  is  no  decided  change  with  the  temperature. 

Pressure  Coefficient  of  Mobility:  Mobili^  varies  inversely  with  the  pressure  in  air  from  xoo  to  x/xo  atmosphere 
for  —  ion.  to  i/xooo,  for  -f-  ion;  below  x/xo  atmosphere  all  observers  agree  that  the  negative  ion  m  air  increases 
abnormally  rapidly. 

Free  Electrons:  In  pure  He,  Ar,  and  N,  the  negative  carriers  have  a  high  mobility  and  are,  in  part  at  aiqr  rate, 
free  electrons;  electrons  become  appreciable  in  air  at  xo  cm  pressure. 

TABLE  620.  —  Ionic  MobiUties. 


« 


X.37 

u 

-X.80 

Wellisch,  Pr. 

X.37 

X.80 

Roy.  Soc.  82A, 

1.37 

Z.80 

p.  soo,  1909. 

0.9X 

I.XO 

1.15 

1.37 

Dry  gas. 

Mobilities. 

K-i 

Observer. 

Dry  gas. 

Mobilities. 

IC-x 

Observer. 

+ 

— 

+ 

— 

H 

6.70 
S.09 
1.37 
1.27 

1.36 
0.81 

0.74 
x.40 

7.0s 
6.31 

x.80 
0.85 
0.80 
1.78 

f 

.000273 

.000074 

.000x00 

.000590 

.000540 

.000900 

.00770 

.000590 

7^1eny 
Franck 

II 

Zeleny 

Wellisch 
« 

Mean 

Nitrous  oxide 

Ethyl  alcohol 

ecu 

0.82 

0.34 
0.30 

0.33 
0.29 
0.29 
0.30 
0.17 

0.90 
0.27 
0.3X 
0.3Z 
0.3X 
0.28 

o.x6 

.00x07 
.00940 
.00426 
.01550 
.00742 
.0x460 
.00870 

Wellnch 

<( 

«( 
f( 

u 
l( 
If 
II 

He 

Ar 

N 

Ethyl  chloride 

Ethyl  ether 

0 

COt 

NHj 

Air 

Methyl  bromiide 

Ethyl  formate 

Ethyl  iodide." 

Franck,  Jahr.  d.  Rad.  u.  Elek.  9,  p.  2,  1912;  Wellisch,  Pr.  Roy.  Soc.  82A,  p.  500,  X909.    The  following  values  are 
from  Yen,  Pr.  Nat.  Acad.  4,  19  .8. 


Ht 

N, 

Air. 

SOi 

C&Hit 

CtHeO 

CjHiO 

C«H*C1 

CHiI 

C»H»I 

u  + 

u  - 

U-/U-{-. 

554 

.  8.45 

153 

1.38 

1-37 
x.8x 

1.34 

.412 

■  414 
1. 00 

.385 
-451 
X.X7 

■  363 

.373 
1.03 

.307 
.331 
x.07 

.304 
.317 
x.04 

.2x6 
.226 
I. OS 

x.8x 
x.8x 
x.oo 

-  ■ 

TABLE  521.  -7  Diffusion  Coefficients. 

The  f(^owing  table  gives  the  observed  and  computed  (D  ■■  $ooUP/Ne  =  very  neariy  0.02361/)  values  of  the 
diffusion  coefficients.  The  diffusion  coefficients  are  given  for  some  neutral  molecules  as  actually  determined  for  some 
gases  into  gases  of  nearly  equal  molecxilar  weight.  Table  taken  from  Loeb, " The  Nature  of  the  Gaseous  Ion,"  J.  Franklin 
Inst  184,  p.  775.  1917. 


Gas,  diffusing. 


Ar 

Hi 

Air 

O. 

CO.... 
COj... 
CsHtOH 

Air 

H.O.... 
NHj. . . . 


Gas  diffused 
into 


He 
N, 
Os 
N« 
NiO 
CO 
COj 
Ethyl  acetate 
Air 
NHa 


D 
molecules. 


0.706 

.739 
.X78 

.171 
r . 5-1 • o 

1-31. 
3.0693 

.093 
.246 

.l9ot 


1/  + 

5.09 

6.02 

X.35 

X.27 

.82 

.8x 

.34^ 

.3ot 

1-35 

0.74 

D  4-  for  ions. 


Computed. 


1.20 

0.143 
0.0319 
.0299 
.0193 

.0x93 

.00805 

.0071 

.0319 

.0174 


Observed. 


O.  X23 

0.028 
.025 

.023' 


*  COx  into  COs.        f  £thyl  formate.        t  Estimated. 
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Tables  88a-4t4. 

COLLOIDS. 

TABLE  ft2S.  —  General  Properties  of  Colloids. 


For  methods  of  preparing  colloids,  see  The  Physical  Properties  of  Colloidal  Solutions,  Burton,  19x6;  for 
properties,  see  Outhnes  of  Colloidal  Chemistry,  J.  Franklin  Inst.  185,  p.  x,  xgxS  (contains  bibliography). 

The  colloidal  phase  is  conditioned  by  suffiaendv  fine  division  (x  X  io~^  to  xo^  cm).  Colloids  ate  suspensioois  (in 
gas,  liquid,  solid)  of  masses  of  small  size  capable  of  indefinite  suspension;  smpensions  in  water,  alcohol,  benaole,'  ^fc- 
erine,  are  called  hydrosols,  alcosols,  beasosob,  glyceroaols,  respectively.  The  suspended  mass  is  caUoi  the  disperse 
phase,  the  medium  the  dispersion  meditmi. 


Smallest  partide  of  Au  observed  by  Zsigmody  (ultramicroacope)  x .  7  X  10"'  cm. 

"  "     visible  in  ordinary  microscope  about  a.5Xxo~*cm. 

"  "  "     "  ultramicroscope,  with  electric  arc  xs  X  10^  cm. 

"      "  "  with  direct  sunlight         xXio^'cm. 

TABLE  ftS3.  —  Molecular  Weights  of  Colloids. 


Determined  from  diffusion. 

Determmed  from  freezing  point 

Gimi  arable 

I7S0 

2730 

74«> 

X3200 

Glycosen  (162)  * 

1625 
1750 
iSoo 
2400 
6000 
14000 
25000 

Tannic  acid  (aaa)  * 

Timsstic  acid  (250)  * 

Em  albumen 

Gum 

Caramel 

Albumose 

(Due  to  Graham) 

• 

Ferric  hydrate  (107)  * 

Ekk  albumen 

Starch  (162)  • 

*  Formula  weight. 
TABLE  ftS4.  —  Brownisn  Movement. 


The  Brownian  movement  is  a  microscopicalty  observed  agitation  of  colloidal  particles.  It  is  caused  by  the  haat- 
bardment  Qf  them  by  the  molecules  of  the  medium  and  may  be  used  to  determine  the  value  of  Avosadro's  Duxnber. 
Perrin,  Chaudesaignes,  Ehrenhaft  and  De  Broglie  found,  respectively,  yo,  64,  63  and  64  X  10*  as  the  value  of  this 
constant   The  following  table  indicates  the  size  and  the  dependence  ofthis  movement  on  the  magnitude  of  the 


Material. 


Dust  particles . . 

Gold 

Gold 

Gold 

Platinum. ...... 

Platinum 

Rubber  emulsion 

Mastic 

Gamboge 

4< 


Diameter 
X  xo*  cm 


2.0 

0.3s 
o.i 
0.06 
. 4  to  . s 

ti    It.      iT 
10. 

xo. 

45 
2.13 


Medium. 


Water 
it 


Acetone 
Water 

14 
l< 
« 


Temp. 

•c 


20? 


18 
20 

20? 
20 


Velocity 
Xio» 

cm/sec. 


none 

200. 

280. 

700. 

3900. 

32QO. 
124. 

i-SS 

2.4 

3  4 


Observer. 


Zsigmody 


« 


Svedbeig,  x9o6-^ 

(4 

Henri,  1908 

Perrin,  Dabrowski,  1909. 

Chaudesaignes,  xgoS. 


The  movement  varies  inversely  as  the  size  of  the  particles;  in  water,  particles  of  diameter  greater  than  4^  thorn  no 
perceptible  movement;  when  smaller  than  .x/a,  lively  movement  begins,  while  at  xo  m/i  the  Uajectories  amount  up  to 
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COLLOIDS. 

TABLE  ftSft.-~Adtorptioii  of  Gas  by  Finely  DiTided  Psrtidei. 


407 


Fine  dhrkioa  means  great  surface  per  unit  weight.  All  substances  tend  to  adsorb  na  at  surface,  the  more  the  higher 
the  pressure  and  the  lower  the  temperature.  Smce  different  gases  vanr  in  this  adsorption,  fractional  separation  is 
poeuble.  Pt  black  can  absorb  too  vob.  Ht,  800  vols.  Oi,  Pd  3000  vols.  a*.  In  gas  analysis  Pd,  heated  to  100",  b  used 
to  remove  Hs  (higher  temperature  used  for  faster  adsorption,  will  take  more  at  lower  temperature).  Pt  can  dissolve 
several  vols,  of  Hs,  Pd,  nearly  100  at  ordinary  temperatures;  but  it  seems  probable  that  the  bulk  of  the  100  vols,  of 
Hs  taken  by  Pt  and  the  3000  oy  Pd  must  be  adsorbed.  In  1848  Rose  found  the  density  21  to  22  for  Pt  foil,  but  26  for 
predpitatea  Pt. 

Ine  film  of  adsorbed  air  entirely  changes  the  behavior  of  very  small  particles.  Th^  flow  like  a  liquid  (cf.  fog), 
^ith  substances  like  carbon  black  as  little  as  s  per  cent  of  the  bulk  is  C;  a  liter  of  C  black  may  contam  2.^  liters  of 
air.  Mitscherlich  calculated  that  when  CDs  at  atmospheric  pressure,  la*  C,  is  adsorbed  by  borwood  charcoal,  it  occu- 
pies 1/56  ori{[inal  voL  Apparent  densities  of  gases  adsorbed  at  low  temperatures  by  cocoanut  charcoal  are  of  the  same 
order  (sometmies  greater)  as  liquids. 


Cm^  of  Gas  Adsorbed  by  a  Cm*  of  Synthetic  Charcoal  (corrected  to  0*  C,  76  cm?)  (Hemperl  and  Vater). 

•c 

Hs 

Ar 

Ns 

Os 

CO 

COs 

NO 

NiO 

7.3 

19. 5 

284.7 

12.6 
92.6 

21.0 

107.4 
632.2 

25.4 
122.4' 

26.8 

139-4 
697.0 

83.8 
568.4 

103.6 
231.3 

109.4 
330.1 

CH4 

CsH< 

CsH4 

CsHs 

NHs 

HiS 

Cb 

SOs 

-78 

41.7 
174-3 

119. 1 
275.5 

139.2 
360.7 

:^i 

197.0 

213.0 

304. 5 

337-8 

Cm*  of  Gas  Adsorbed  by  a  Cm*  of  Cocoanut  Charcoal  (corrected  to  0*  C,  76  cm)  (Dewar).                     1 

•c 

He 

Hs 

Ns 

Os 

CO 

Ar 

o* 
-i8s 

2 
IS 

4 
135 

IS 
ISS 

18 
230 

21 

190 

12 
175 

See  Langmuir,  J.  Am.  Ch.  Soc.  40, 1361.  1918;  Richardson,  39, 1839, 19x6. 
TABLE  616.  —  Heats  of  Adsorption. 


Adsorber. 


FuOer's  earth  *. 
Bone  charcoal  * 

Kaolin* 

Fuller's  earth  f . 


I 


57. X 
78.8 


I 


30.2 
18.5 

.683 


I 

4 


27.3 
19.3 


Si 


21.8 
17.6 
27.6 
.679 


5| 


17.2 
16.S 
24.5 


13.4 


^ 


10.9 
10.6 
20.4 


4 


10.5 


e«2 


8.4 
14.0 

15.7 
.611 


4.6 

IX. I 

9.9 
.610 


It 


4.6 

8.4 
9.9 

.6ax 


1^1 


4.2 

13.9 

9-4 
.625 


» 


7.2 


*  Small  calories  liberated  when  x  g  of  the  adsorbent  b  added  to  a  relatively  Urge  quantity  of  the  liquid, 
t  Volume  adsorped  from  saturated  vapor  by  x  g  of  fuller's  earth. 
Gurvich,  J.  Russ.  Phys.  Ch.  Soc.  47,  805, 1915. 

TABLE  527.  —  Molecular  Heats  of  Adsorptkm  and  Liquefaction  (Favre). 


Gas. 

Molecular  heats  of 

Adsorber. 

Gas. 

Molecular  heats  of          1 

adsorptk>n. 

lique- 
faction. 

adsorption. 

lique- 
faction. 

Platinum 

Paladium 

Charcoal 

u 

4« 

Hs 

Hs 

NHt 

COs 

NiO 

46200 

x8ooo 
5900-^500 
6800-7800 
7100-X0900 

(sooo) 
6250 
4400 

Charcoal 

ti 

SOt 
HCl 
HBr 
HI 

X0000-10900 

9200-10300 

1 5  200-15800 

21000-23000 

5600 
(3600) 
(4000) 
(4400) 
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Tables  BSg-Mi. 
TABLE  tt8.  —  Mkcellaneoiis  Constmiiti  (Atomic,  Molecular,  otc). 


Elementary  dectiical  chaxge,  charge  on  dectron 0  »  4. 774  X  io~^*  su  (M) 

i  charge  on  a  particle. ■»  x .  591  X  xo~*  emu 

"■  1 .  591  X  xo~>*  coulomb 

Mass  of  an  electron «»  -■  9. ox  X  io~*  g 

Radius  of  an  electron about  2  X  xo~>*  cm 

Ratio  «/ffi,  small  velocities t/m  *  x .  766  X  lo'  emu.  g~^ 

Number  of  molecules  per  gram  molecule  or  per  gram  molecular  weight  (Avogadro 

constant) iV  -  6.06a  X  r<P  (M) 

Number  of  gas  molecules  per  cm*.  76  cm,  o*  C  (Loschmidt's  number) »  >■  a. 705  X  xo"  (M) 

Number  of  gas  molecules  per  cm',  o"  C  at  x  X  10*  bars a. 670  X  xo^ 

Kinetic  energy  of  translation  of  a  molecule  at  o"  C £0  -•  5 .  62X  X  lo'*^*  erg  CM) 

Constant  of  molecular  energy,  E^/T  >■  change  of  translational  energy  per  *  C. . .  e  «  a. 058  X  xo~**  erg/   C  QC) 

Mass  of  hydrogen  atom •■  x .  66a  X  io~^  g  (M) 

Radius  of  hydrogen  molecule  about io~*  cm 

Mean  free  path,  ditto^  76  cm,  o*  C,  about L"-x.6X  io"»  cm/sec 

Sq.  rt.  mean  sq.  velocity,  ditto,  76  cm,  o®  C G  ■>  x .  84  X  10*  cm/sec 

Arithmetical  average  velocity,  ditto,  76  cm,  o"  C (2  »  x .  70  X  to*  cm/sec. 

Average  distance  apart  of  molecules,  76  cm,  o*  C *  3  X  io~*  cm 

Boltzmann  gas  constant  -•  constant 'of  entropy  equation  ■■  R/^  »  PtV^/TN  » 

(i)« *  -  1 .  37a  X  xo-»«  erg/*  C 

VcJume  per  mol(e)  or  gram-molecular  weight  of  ideal  gas,  76  cm,  o*  C  (x. 01323  X 

10*  bars) ■■  23.4x2  liters 

Ditto,  I  X  lo*  bars,  o*  C  (75  cm  Hg) -  aa.  708  liters 

Gas  constant:  PVm  ««  RT,  Km  -■  vol.  molec.  wt.  in'g  when  P  in  g/caf,  Vm  in  cm*  R  «  84. 780  g<m/*  C 

when  P  in  atmospheres,  Vm  in  liters R  »  o.  08204  /-atm/*  C 

when  P  in  dynes,  Vm  in  cm* /?  -  8.31S  X  lo*  ergs/*  C 

Absolute  aero  "  o*  Kelvin ■■  —aw .  X3^  C 

I  bar  s-  10*  dyiies/cm*  -■  1.0x3  kg/cm* =•  0.987  atmosphere 

Mechanical  equivalent  of  heat,  x  g  (ao*  C)  cal "■4.  X84  X  lo'  ecgs 

"s  4. 184  Joules 

Faraday  constant F  <«  96494  coulombs 

Velocitv  of  light  in  vacuo c  —  2 .  99860  X  xo*»  cm/aec 

Planck's  element  of  action A  —  6. 547  X  xo"*  erg.  sec.  (M) 

Rydberg's  fundamental  frequency Ko  =  3. 28880  X  xo»*  sec."* 

Rydberg's  constant,  Vo/c iV  ■■  XOQ678. 7 

Wien's  constant  of  spectral  radiation ti-*x.  43x2  for  X  in  cm  (M) 

Stefan-Boltsmann  constant  of  total  radiation <r  -■  5. 7a  X  xo^^  watt/cxn*  (M> 

Grating  space  in  calcite d  ^  3.030  A 

Grating  space  in  rock-salt  (Uhler,  Cooksey) —  a. 814  X  io~*  cm 

Potentud  difference  in  volts  for  X-rays  of  wave-length  X  in  cm  »  KX  >■  kc/e ■■  x .  a4X  X  xo~^  volt,  cm 

Reference:  (M)  MOlikan,  Phil.  Mag.  34,  z,  191  ?• 


TABLE  BM.  —  RadiAtion  Wave-length  Limits. 

« 

Hertzen  waves,  longest i  000  000.0  cm 

**  "      shortest o.acm 

Infra-red,  longest,  restrahlvmg,  focal-isolation 0.03  cm 

Inlra-red,  spectroecopically  studied > .  o.ooa  cm 

Visible,  longest 0.000  08  cm 

**      shortest 0.000  04  cm 

Ultra-violet,  Lyman,  shortest* 0.000  006  cm 

X-rays,  longest 0.000  000  xa  cm 

**      shortest 0.000  000  001 

y  rays,  longest 0.000  000  ora 

"      shortest 0.000  000  000  7 

*  0.000  0032  cm  (Millikan-Sawyer,  19x0) 
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Tables  68fr-01. 
TABLE  580.  —  Periodic  System  of  the  Elements. 
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0 

I 

n 

III 

IV 

V 

VI 

VI 

1 

— 

R1O 

RO 

RsOi 

ROi 

RsOi 

ROs 

R107 

R04< 

.fir  Oxides. 

— 

^^^ 

— 

— 

RH« 

RHt 

RH 

RH 

--« 

•r  Hydrides. 

He 

4 

Li 

7 

Gl 

9 

fi 

IZ 

C 

13 

N 
14 

1 

0 

x6 

F 

X9 

— 

Ne 
20 

Na 

23 

Mg 
24 

Al 
27 

Si 
28 

P 

31 

S 
32 

CI 

35 

— 

A 

40 

K 

39 

Ca 

40 

Sc 

44 

Ti 
48 

V 
SI 

Cr 

52 

Mn 
55 

Fe 

56 

Ni     Co 
59      59 

— 

Cu 
64 

Zn 

OS 

Ga 

70 

Ge 

72 

As 
7S 

Se 

79 

Br 

80 

— 

Kr 

82 

Rb 

85 

Sr 
88 

Yt 
89 

Zr 
91 

Cb 
94 

Mo 
96 

— 

Ru 

X03 

Rh     Pd 

X03     X07 

_ 

Ag 
X08 

Cd 

XX2 

In 
"S 

Sn 
"9 

Sb 

X30 

Te 

X28 

I 

X37 

• 

X 

138 

Cs 
133 

Ba 

137 

La 
139 

Cc 
X40 

Pr 

X4X 

Nd 
144 

-^ 

— 

Sa 
150 

— 

Gd 
157 

Tb 
159 

— 

Er 
168 

— 

— 

— 

Tm 
168 

— 

Yb 
173 

— 

Ta 

x8x 

W 

X84 

— 

Os 

191 

Ir      Pt 

193     195 

— 

Au 
197 

Hg 
20X 

204 

Pb 

207 

Bi 
308 

Po 
3 10 

— 

— 

Em 

(232) 

— 

Ra 

226 

Ac 
(227) 

Th 
232 

UrXi 
234 

U 

238 

— 

— 

TABLE  531.  —  Atomic  Nambers.* 


X  Hydrogen 
3  Helium 

3  Lithium 

4  Beryllium 

5  Boron 

6  Carbon 

7  Nitxogen 

8  Oxygen 

9  Fluorine 
xo  Neon 
XX  Sodium 

X3  Magnesium 
X3  Alimiinum 
X4  Silicon 

15  Phosphoriis 

16  Sulphur 


inne 


x8  Argon 
XQ  Potassium 


90  Cakium 
3X  Scandium 
33  Titanium 

33  Vanadium 

34  Chromium 

35  Manganese 

36  Iron 

37  Cobalt 

38  Nickel 

39  Copper 
30  Zinc 

3X  Gallium 
33  Germanium 

33  Arsenic 

34  Selenium 

35  Bromine 

36  Krypton 

37  Rubidium 

38  Strontium 


39  Yttrium 

40  Zirconium 
4X  Niobium  t 

43  Molybdenum 

43 

44  Ruthenium 

45  Rhodium 

46  Palladium 

47  Silver 

48  Cadmium 

49  Indium 
so  Tin 

5x  Antimony 

52  Tellurium 

53  Iodine 

54  Xenon 

55  Caesium 

56  Barium 

57  Tianthanum 


58  Cerium 

59  Praesodsrmium 

60  Neodymium 
6x 

62  Samaritmi 

63  Europium 

64  Gadolmium 

65  Terbium 

66  Dysprosium 

67  Holmium 

68  Erbium 

69  Thulium 

70  Yttexbitmi 
7x  Lutediim 
72 

73  Tantaltmi 

74  Tungsten 
75 


*  Quoted  from  Millikan's  The  Electron,  19x7. 


t  Glucinium. 


76  Onnium 

77  Iridium 

78  Platinum 

79  Gold 

80  Mercury 
8z  Thalium 
83  Lead 

83  Bismuth 

84  Polonium 

85 

86  Emanation 

88  Radium 

89  Actinium 

90  Thorium 

9X  Uranium  Xt 
93  Uranium 


t  Cobimbiiun. 
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Table  at. 
PERODIC  8Y8TEM  AND  THE  RADIOACTIVE  ISOTOPES-' 


4                  sA         6A 

7A 

0 

zA        aA 

3A 

4 

1 

Non-metah 

\. 

Inert-gases. 

Ligbt-metab. 

Vb 

8a 

83         84 

85 

86 

87         88 

89 

% 

VI 

Pb 

Bi         Po 

Nt 

—        Ra 

Ab 

IVb 

^ 

ii     H 

J3 

^. 

^    t 

!i 

g 

Va 

mb 

& 

^     ^ 

li 

t 

%,    t 

iP 

£ 

IVa 

nb 

'f 

15          16 

a 

z8 

t    S 

az 

22 

ma 

Si 

P           S 

Ar 

Sc 

Ti 

lb 

6 

h     h 

1 

zo 

zz         za 

a 

Z4 

lU 

C 

Ne 

Na       Mg 

S? 

— 

z 
H 

a 
He 

ti         ie 

1 

6 
C 

la 

Heavy  metals. 

ni' 

22 
Ti 

23        24 
V        Cr 

iln 

a6        27        a8        39        30 
Fe       Co       Ni       Cu      Zn 

^ 

& 

ni' 

IV' 

V* 

v 

£ 

4X         4a 
Cb       Mo 

43 

Kz  ^  j'd  li  a 

s 

fn 

li 

82 
Pb 

IV  ' 

v 
v 

g  i 

9     60       6z      62 
>r     Nd     —     Sa 

Eu     i 

54      65      66       67       68      69 
Gd     11)     Dy     Ho     Er     Ad 

Cp    in> 

il 

ft    » 

75 

^    fr'   ?t 

79         80 
Au        Hg 

8z 
Tl 

VI 

¥h 

I'v        t? 

■  — 

VI 

1 

4                  sB        6B 

7B 

zB        aB 

3B 

4 

Radioactive  isotopes. 

(Tl)         (Pb)       (Bi)        (Po)      ( 

) 

(Nt)         (    )       (Ra)       (Ac) 

(Th)        (Bv) 

(U)           ^ 

8i            8a          83          84 

BS 

86            87          88           89 

go 

91 

ga 

IpSj 

L                 iRaF, 

• 

lUE 

PbTh       *          ThC 
PbAc      ^4-      AcC     ' 
RaD                    .RaC 

TIJ-m                 ThX) 
P-       AcEm     *-         AcX  ■    *-   -     « 
.       Ra£m                 Ra              /^ 

[RaThl 
RaAc 
lo 

H~ 

Di 

ThD 
AcD 
RaCV 

ThC 
4-         AcC 

MsT* 

» 

Ac 

4-          1 

[Ta     >^ 

p 

1 

Ux* 

ThB      * 
AcB     ^  4- 

iRaBj 

ThA 

AcA     ♦J 
RaA 

MsT*  ^   ♦- 

Th 

• 

{&     - 

(Ji 

the  same,  position  changes  one  column  to  the  right  and  up. 

Isotopes  of  an  element  have  the  same  valency  and  the  same  chemical  rKroperties  ^lubilit7i  zeactivity  etc )  al- 
though tneir  atomic  weights  may  differ.    The  isotopes  of  Bi  are.  e.g.,  RaE,  ThC,  AcC,  RaC.  '      '  ' 

In  the  up^  half  of  the  table  are  the  elements  possessing  high  electro-potential,  simple  spectra,  coloricss  ions.  The 
properties  are  analogous  in  the  vertical  direction  (groups).  In  the  Imoer  half  are  the  dements  with  low  clectzt>ix»ten- 
tial,  complex  spectra,  cnlofed  ions  and  tending  to  form  complex  douUe  salts,  the  general  properties  of  the  dements 
being  more  pronounced  in  the  horizontal  direction  (periods). 

On  the  i^  side  of  the  table  are  the  dectro-negative  deme 
of  the  lower  naif  weak  o^yacids. 

On  the  righi  side  of  the  table  are  the  electro-positive  dements,  foiming  bases,  oxysalts,  sulfides,  etc. 

The  otnier  of  the  lower  half  is  occupied  by  the  amphoteric  dements  forming  wesk  acids  and  hoses,  many  cwnpttr 
compounds  and  double  salts,  many  ioaoluble  and  mostly  colored  compounds. 

A  very  striking  point,  however,  is,  as  already  mentioned,  that  the  simUarUyamong  the  dements  in  the  upper  half  is 
in  the  vertical  direction,  and  in  the  lower  hall  in  the  horizontal  direction.    This  justifies  the  use  of  the 
group-relation  and  period-relation. 

*  Table  adapted  from  Hackh,  J.  Am.  Chem.  Soc  40,  Z023,  Z9z8,  Phys.  Rev.  13, 169,  Z919. 


dements,  those  of  the  upper  half  forming  strong  adds,  those 
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ASTRONOMICAL  DATA- 
TABLE  688.  —  Stellar  Spectra  aad  Related  Characteristics. 


The  spectra  of  almost  all  the  stars  can  be  arranged  in  a  continuous  sequence,  the  various  types  connected  in  a  series 
of  imperceptible  gradations.  With  one  unimportant  exception,  the  sequence  is  linear,  the  transition  between  two  given 
types  always  involving  the  same  intermediate  steps.  Aocoraing  to  the  now  generally  adopted  Harvard  system  of 
cu^ification,  certain  principal  types  of  spectrum  are  dfsignated  by  letters,  —  O.  B,  A,  F,  G,  K,  M,  R  and  N.  —  and 
the  mtermediate  types  by  suffizea  numbers.  A  spectrum  nalfway  between  classes  B  and  A  is  denoted  B5,  while  those 
differing  slight^  from  Class  A  in  the  direction  of  Class  B  are  called  B8  or  B9.  In  Classes  M  and  O  the  notation  Ma, 
Mbjiyfc,  etc.,  is  employed.    Classes  R  and  N  apparently  form  a  side  chain  branching  from  the  main  series  near  Class  K. 

The  colors  of  the  stars,  the  degree  to  whicn  they  are  concentrated  into  the  region  of  the  skv,  including  the  Milkv 
Way,  and  the  average  magnitudes  df  their  peculiar  velocities  in  space,  referred  to  the  center  of  gravity  of  the  naked- 
eye  stars  as  a  whole,  all  show  important  correlations  with  the  spectral  t/pe.  In  the  case  of  colors,  the  correlation  is 
so  dose  ss  to  indicate  that  both  spectrum  and  color  depend  almost  entirdy  on  the  surface  temperature  of  the  stars. 
The  corrdation  in  the  other  two  cases,  though  statistically  important,  is  by  no  means  as  close. 

Examines  of  all  classes  from  O  to  M  are  found  among  the  bright  stars.  The  brightest  star  of  Class  N  is  of  magni- 
tude 5.3;  the  brightest  of  Class  R,  7.a 


TABLE  1 

184.  —  The  Harvard  Spectral  CUssiflcation. 

Class. 

Principal  spectral  lines 

(dark  unless  otherwise 

sUted). 

Example. 

Number 

brighter 

than  6.a5, 

mag. 

Per  cent 

in 
galactic 
region. 

Color 
index. 

Effective 

surface 

temperature, 

K 

Mean 

peculiar 
velocity, 
km/sec. 

0 
B 

A 

F 
G 
K 
M 

R 

N 

Bright    H    lines,    bright 
spark  lines  of  He,  N,0,C 

H,  He.  spark  lines  of  N 
and  0,  a  few  spark  lines 
of  metals ............. 

y  Velorum 

eOrionis 

Sirhis 

Canopus 

The  sun 

Arcturua 

Antazes 

B.D. 

-lo*  5057 

i9Pi9dum 

90 

696 
X885 

7ao 

609 
1719 

457 
0 

8 

zoo 

8a 
66 

57 
58 
56 
54 
63 

87 

-0.3 

—0.30 
0.00 

+0.33 
+0.70 
-1-1.  la 
-1-1. 00 
+1.7 

+a.S 

ao,ooo 
ii,ooo* 
7.500* 
5/)oo* 
4,aoo* 
3»ioo* 
3.000* 

a,300" 

6 

ID 
14 

IS 
17 

xy 

15 

13 

H  aeries  very  strong,  spark 
lines  of  metals 

H  lines  Winter.   Spark  and 
ate  lines  of  metals 

Arc  lines  of  metab,  spari^ 
lines  very  faint 

Arc  lines  of  metals,  spec- 
trum faint  in  vk>let. 

Bands  of  TiOi,  flame  and 
arc  lines  of  metals 

Bands  of  carbon,  flame  and 
arc  Unes  of  metals 

Bands  of  carbon,   bright 
Imes,  very  little  violet 
light 

Compiled  nuunly  from  the  Harvard  Annals.  Temperatures  based  on  the  work  of  Wilsing  and  Scheiner.  Radial 
velocities  from  Campbell.  Data  for  classes  R  and  N  trom  Curtis  and  Rufus.  The  color  indices  are  the  differences  of 
the  visual  and  photograi^iic  magnitudes.  Negative  values  indkate  bluish  white  stars;  laxge  positive  values,  red  stars. 
The  peculiar  velocities  are  m  the  radial  direction  (towards  or  from  the  sun).  The  average  velocities  in  space  should 
be  twice  as  great. 

The  "galactic  region"  here  means  the  zone  between  galactic  latitudes  ^  30*,  and  including  half  the  area  of  the 
heavens. 

96%  of  the  stars  of  known  spectra  belong  to  classes  A,  F,  G,  K,  99. 7%  including  B  and  M  (Innes,  1919). 


TABLE  586.  — Apex  and  Velocity  of  Solar  MotioA. 


R.  A.  1900. 

Dec. 

Velocity, 
km/sec. 

Method. 

No.  of 
stars. 

Authority. 

18*  oa** 

17    54 
x8    00 

+34.3 
25.1 
a9.a 

X9.5 
ai.4 

Vwotx  motions 
Radial  velocities 

(4                          14 

5413 
"93 
1405 

Boss,  Astron.  T.  6x4, 1910 
Campbell,  Lick  Bull.  196,  igix 
StrOmberg,  Astrophys.  J.  1918. 
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ASTRONOMICAL  DATA. 
TABLE  536.  — Motions  of  the  Stan. 


The  individual  Stan  are  nsoving  in  all  directions,  but,  for  the  average  of  considerable  grdups.  there  is  evidenoe  of  a 
drift  away  fn»n  the  point  in  the  heavens  towards  which  the  sun  is  moving  (solar  apex).  The  bc»t  detemunations  of 
the  solar  motion,  relative  to  the  stars  as  a  whole,  are  given  in  Table  535.  In  rouna  numbers  this  motioa  of  the  son 
may  be  taken  as  so  km/sec.  towards  the  point  R.  A.  x8  h.  cm.,  Dec  +30.0*. 

After  allowance  is  made  for  the  solar  motion,  the  motions  of  the  stars  in  space,  relative  to  the  general  mean,  prascat 
marked  peculiarities.  If  from  an  arbitrary  origin  a  series  of  vectors  are  drawn,  rroresenUng  the  vdocities  of  tbe  vaxxms 
stars,  the  ends  of  these  vectors  do  not  form  a  spherical  duster  (as  would  occur  if  the  motions  of  the  stars  were  at  ibh- 
dom),  but  a  decide<Uy  elongated  duster,  whose  form  can  be  approximatdy  represented  either  by  tbe  superpositioa  of 
two  intermingling  spherical  dusters  with  different  centers  (Kapteyn's  two-stream  fivpothesb)  or  by  a  sanffe  eUipsoidal 
duster  (Schwannchild),  the  actual  form,  however,  being  more  complicated  than  is  indicated  by  either  of  these  hy- 
potheses. The  direction  of  the  longest  axis  of  the  cluster  is  known  as  that  ofpreferential  motion.  The  two  opposite 
points  in  the  heavens  at  the  extremities  of  this  axis  are  called  the  vertices.  The  components  ol  velodty  of  the  stars 
paralld  to  this  axis  average  considerably  lar^r  than  those  parallel  to  any  axis  perpendicular  to  it 

The  preferential  motion  varies  greatly  with  spectral  t3rpe,  being  practically  absent  in  Class  B,  very  strong  in  Qass 
A,  and  scnnewhat  less  conspicuous  in  Cusses  F  to  M,  on  account  of  the  greater  mean  vdodties  of  these  stars  in  all 
directions.   The  positions  of  the  vertices  are  nearly  the  same  for  all. 

Numerous  investigators,  from  the  more  distant  naked-eye  stars,  find  substantially  the  same  position  for  tbe 
vertex,  the  mean  being  R.  A.  6  h,  6  m.,  Dec.  +9^  The  nearer  stars,  of  large  proper  motk>n,  give  a  mean  <rf  6  h.  Z2m.^ 
+25*.    (See  StrOmberg^s  discussion,  cited  above.) 

In  addition  to  these  general  phenomena,  there  are  numerous  clusters  of  stars  whose  members  possess  abnost  exactly 
equal  and  parallel  motions,  —  for  example,  the  Pleiades,  the  Hyades,  and  certain  large  groups  in  Ursa  Major,  Sooxptus. 
and  Orion.   The  vertices,  and  the  directions  toward  which  these  dusters  are  moving,  are  all  in  the  planeof  the  galaxy. 

Several  faint  stars  are  known  which  have  radial  velodties  between  300  and  35©  km/sec.  (c.g.  A.  G.  Berlin  1366  R.A- 
1900  =  ^*8«»6,  Dec.  igoo  -  +22.7*.  mag.  8.0  velocity  of  recession  339  km/sec.),  and  it  is  probable  that  the  actoal 
velocity  in  space  exceeds  500  km/sec.  for  some  of  these. 

The  gth  magnitude  star  A.  G.  Berlin  1366  has  a  radial  velocity  of  494  km/sec.  ... 

.    The  greatest  known  proper  motion  is  that  of  Barnard's  star  of  the  ninth  magnitude  in  Ophiuchus,  10.3   per  year, 
position  angle  3S6".    The  parallax  of  this  star  is  0.52*.  and  its  radial  vdocity  about  —100  km/sec. 

The  average  radial  velodty  of  the  globukr  dusters  is  100  km/sec.  and  that  of  the  spiral  nebulae  400  km.  The 
globular  clusters  as  a  class  are  approaching  the  sun.  The  spiral  nebulae,  with  a  few  exceptions,  are  xecediiUE.  Tl« 
greatest  individual  values  are  —410  km  for  the  cluster  N.  G.  C,  6934  and  +xroo  km  for  the  nebula  N.G.  C.  1068. 

Average  velodties  with  regard  to  center  of  gravity  of  the  stellar  ssrstem,  according  to  Campbell  (Stellar  Motion, 
1913): 


Type  B  Stars:      6.6  km  per  sec. 

'^   A      "        10.0    "      "     " 
r  14.4 


TypeGSUrs:    150  km.  per  sec. 
*"  K     "        16.8    "      "    " 


For  radial  vdocities  of  1x9  stars  see  Astrophysical  Journal,  48,  p.  261,  X9x8. 


TABLE  537.  —  Distances  of  the  Stirs. 


Distances. 


Alpha  Centauri  (nearest  star) 

Barnard's  Star 

Sirius 

Areturus 

The  Hyades 

Nebula  of  Orion  (Kapteyn) 

Globular    Clusters    (Shapley):     omega 

Centauri  (nearest) 

N.  G.  C  7006  (farthest) 


Parsecs.* 


1.3a 
19 
2.7 
13.0 

185. 

6,500. 
67,000. 


Light  jrears. 


4  3 

6.3 

8.7 

.    43.0 

130. 

600. 

2X,000. 
220/300. 


*Paxaec 
to  earth 
Prad 

100  parsecs 


206,265  astronomical  units  »  3.08  X  xo"  km  >-  3.26  light  years,     i  astronomical  unit 


sun 


Practically  all  the  stars  visible  to  the  naked  eye  lie  within  xooo  parsecs  of  the  sun,  and  most  of  them  are  more  than 
^  parsecs  distant.  In  the  vicinity  of  the  sun,  the  majority  of  the  stars  lie  within  two  or  three  hundred  paisecs  of  tbe 
galactic  plane:  but  along  this  plane  the  star-filled  region  extends  far  beyond  xooo  parsecs  in  all  directioas.  and 
may  reach  30,000  parsecs  in  the  great  southern  star  clouds  (Shapley). 

Average  parallax  6  planetary  nebulae,  0.018'  (van  Maanen,  Pr.  Nat  Acad.  4,  p.  394*  19x0). 
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ASTRONOMICAL    DATA. 


TABLE  538.— Brishtness  of  the  Stirs. 

Stdlar  magnitudes  give  the  apparent  brightness  of  the  stars  on  a  logarithmic  scale,  —  a  numerical  increase  of  one 
magnitude  corresponding  to  a  decrease  of  the  common  logarithm  of  the  light  by  0.400,  and  a  change  of  five  magnitudes 
to  a  victor  of  100.  The  brightest  objects  have  negative  stellar  magiiitudes.  The  visual  magnitude  of  the  Sun  is  —26.7; 
of  the  mean  full  Moon,  —12.5;  of  Venus  at  her  brightest,  —4.3;  of  Jupiter,  at  opposition,  —2.3;  of  Sirius,  —1.6;  01 
Vexa,  +0.2;  of  Polaris,  +2.1.  (The  stellar  magnitude  of  a  standard  candle  i  m  distant  is  — 14.18.)  The  faintest  stars 
visible  with  the  naked  eye  on  a  clear  dark  night  are  of  about  the  sixth  magnitude  ^though  a  sin^^e  luminous  point  as 
faint  as  the  eighth  magnitude  can  be  seen  on  a  perfectly  black  background).  The  famtest  stars  visible  with  a  telescope 
of  aperture  A  in.  are  approximately  of  magnitude  9  +  5  logio  A.  The  faintest  photographed  with  the  6o-iDch  reflector 
at  Mt.  Wilson  are  of  about  the  21st  magnitude.  A  standard  candle,  of  the  same  color  as  the  stars,  would  appear  of 
magnitude  +0.8  at  a  distance  of  one  kilometer. 

The  actual  luminosity  of  a  star  is  expressed  by  means  of  its  absolute  magnitude,  which  (Kapteyn's  definition)  is 
the  stellar  magnitude  which  the  star  would  appear  to  have  if  placed  at  a  distance  of  ten  parsecs.  The  absolute  mag- 
nitude of  the  sun  is  +4-8  ^equal  to  that  of  ai  Centauri);  of  sirius  is  +i-3;  of  Arcturus,  —0.4.  The  faintest  star  at 
present  known  (Innes),  a  distant  companion  to  a  Centauri,  has  the  (visual)  absolute  magritude  +i5-4>  and  a  luminosity 
0.00006  that  of  the  sun.  The  brightest  so  far  definitely  measured,  fi  Orionis,  has  (Kapteyn)  the  abs.  mag.  —5.5  and 
a  luminosity  13,000  times  the  sun  s.    Canopus,  and  some  other  stars,  may  be  still  brighter. 

Intrinsic  brightness  of  sun's  surface  »  57iOoo  candles  per  cm*  of  surface.    (Abbot-Fowle,  1920) 

The  absolute  magnitudes  of  6  planetary  nebulae  average  9.1;  average  diameter,  4000  astronomical  units  (Solar 
system  to  Neptune  »  60  astr.  units),  van  Maanen,  Pr.  Nat.  Acad.  4,  p.  394,  19x8. 

GUmt  and  Dwaif  Stirs. 

The  stars  of  Class  B  are  all  bright,  and  nearly  all  above  the  absolute  magnitude  zero.  Stars  of  comparable  bright- 
ness occur  in  all  the  other  spectral  classes,  but  the  inferior  limit  of  brightness  diminishes  steadily  for  the  "later  or 
redder  types.  The  distribution  of  absolute  magnitudes  conforms  to  the  superposition  of  two  series,  in  each  of  which 
the  individual  stars  of  each  si^ectral  class  range  through  one  or  two  magnitudes  on  each  side  of  the  mean  absolute 
magnitude.  In  one,  —  the  "giant  stars,"  —  this  mean  brightness  is  neariy  the  same  for  all  spectral  classes,  and  not 
izx  from  absolute  magnitude  zero.  In  the  other,  —  the  *Mwarf  stars,"  —  it  diminishes  steadily  from  about  abs.  ni^. 
—2  for  C^lass  Bo  to  +xo  for  Class  M.  The  two  series  overlap  in  Classes  A  and  F,  are  fairly  well  separated  in  Class  K, 
and  sharplj^  so  in  Class  M.    Two  very  faint  stars  of  C^lasses  A  and  F  fall  into  neither  series. 

The  majority  of  the  stars  visible  to  the  naked  eye  are  giants,  since  these,  being  brighter,  can  be  seen  at  much  greater 
distances.  The  greatest  percentage  of  dwarf  stars  among  those  visible  to  the  eye  is  found  in  Classes  F  and  G.  The 
dwarf  stars  of  Classes  K  and  M  are  actually  much  more  numerous  per  unit  of  volume,  but  are  so  faint  that  few  of  the 
former,  and  none  of  the  latter,  are  visible  to  the  naked  eye. 

Adams  and  Stromberg  have  shown  that  the  mean  peculiar  velocities  of  the  riant  stan  are- all  small,  —  increasing 
only  from  about  6  km/sec.  for  Class  B  to  12  for  Class  M,  —  while  those  of  the  dwarf  stars  are  much  greater,  increas- 
ing within  each  spectral  class  by  about  x.s  km  per  unit  of  absolute  magnitude,  and  reaching  fully  30  km  for  stars  of 
Claas  M  and  abs.  mag.  xo.    Both  giant  and  dwarf  stars  show  the  phenomenon  of  preferential  motion. 


TABLE  539.— Masses  and  Densities. 

The  stars  differ  much  less  in  mass  than  in  any  other  characteristic.  The  greatest  definitely  determined  mass  is 
that  of  the  brighter  component  of  the  spectroscopic  binary  fi  Scorpii,  which  is  of  13  times  the  sun's  mass,  400  times 
its  luminosity,  and  spectrum  Bi.  The  smallest  known  mass  is  that  of  the  faint  component  of  the  visual  binary  Krueger 
60,  whose  mass  is  0.15,  and  luminosity  0.0004  of  the  sun's,  and  spectrum  M. 

The  giant  stars  are  in  general  more  massive  than  the  dwarb.  According  to  Russell  (Publ.  Astron.  Soc.  America, 
3i  327*  19x7)  the  mean  values  are: 


SpectnmL 

B2 

Ao 

F5  giant 

Ks 


t( 


Mass  of  a 
Binary  S3rstem. 

12  X  Sun 

6.S 
8 
xo 


ti 


Spectrum. 

F2  dwarf 
G2     " 
K8 


«i 


Mass. 


3.0  XSun 

1.2 

0.9 


The  densities  of  stars  can  be  determined  onlv  if  they  are  eclipsing  variables.  It  appears  that  the  stars  of  Classes 
B  and  A  have  densities  averaging  about  one  tenth  that  of  the  sun  and  showing  a  relatively  small  range  about  this  value, 
while  those  of  Classes  F  to  K  show  a  wide  range  in  density,  from  x.8  times  that  of  the  sim  (W  Urs.  Maj.)  to  o.oooooa 
(W  Crucis). 

The  surface  brightness  of  the  stars  probably  diminishes  by  at  least  one  magnitude  for  each  step  alon^  the  Harvard 
scale  from  B  to  M.  It  follows  that  the  dwarf  stars  are,  in  general,  closely  comparable  with  the  sun  in  diameter,  while 
the  stars  of  CHasses  B  and  A,  though  larger,  rarely  exceed  ten  times  the  sun's  diameter.  The  redder  giant  stars,  how- 
ever, must  be  much  larger,  and  a  lew,  such  as  Antares,  may  have  diameters  exceeding  that  of  the  earth's  orbit.  The 
densities  of  these  stars  must  be  exceedingly  low. 

II  arranged  in  order  of  increasing  density,  the  giant  and  dwarf  stars  form  a  single  sequence  starting  with  the  giant 
stars  of  Cuss  M,  proceeding  up  that  series  to  Class  B,  and  then  down  the  dwarf  series  to  Class  M.  It  is  believu!  by 
Russell  and  others  that  this  sequence  indicates  the  order  of  stellar  evolution,  —  a  star  at  first  rising  in  temperature  as 
it  contracts  and  then  cooling  ott  again.  The  older  theory,  however,  regards  the  evcdutionary  sequence  as  proceeding 
m  all  cases  from  Class  B  to  Class  M. 
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1 


Ttopical  (ordinaiy)  year 
Sidereal  3rear 
Anomalistic  year 
Eclipse  3rear 

Synodical  (ordinary)  month 
Sidereal  month 


365. 24219879  —  0.0000000614  (/ 
36^.  25636042  +  o.ooooooooii  (/ 
365. 25964134  +  0.0000000304  (/ 
346 .  620000     +  o.  00000036      (/ 


1900)  \dBLys 
1900)  I  days 
1900)  { days 
1900)  I  days 


(29.530588102  —  0.00000000294  (/  —  1900) I da)^ 
{27.321660890  —  0.00000000252  (/  —  i9oo))days 


Sidereal  day  (ordinarjr,  two  successive  transits 
of  vernal  equinox,  might  be  called  equinoctial 
day) 

Sidereal  day  (two  successive  transits  of  same 
fixed  star) 

1920,  Julian  Period  «  6633 

January  z,  1920,  Julian-day  number  «  2422325 


86164.09054  mean  solar  seconds 
23  h.  56  m.  4.09054  mean  solar  time 

86(64.09966  mean  solar  seconds 


Solar  parallax   -  8. 7958'  -t*  o.  002'  (Weinberg) 

8. 807    i«i  o.  0027  (Hincks,  Eros) 

8. 799  (Sampson,  Jupiter  satellites;  Harvard  observations) 

8.80  Paris  conference 
Lunar  parallax  -  3422.63'  -  57'  2.63'  (Newcomb) 

Mean  distance  earth  to  sun     «  149^00000  kilometers  »  92900000  miles 
Mean  distance  earth  to  moon  •-  60. 2678  terrestrial  radii 

-i  38441 1  kilometers  -  238862  miles 
Light  traverses  mean  radius  of  earth's  orbit  in  498. 580  seconds 

Vdodty  of  light  (mean  value)  in  vacuo,  299860  kilometers/sec.  (Michelson-Newcomb) 
«  186324  statute  miles/sec. 
Constant  of  aberration  -  20.4874'  •*>  0.005' 

20.47  Paris  conference  (work  of  Doolittle  and  others 
indicates  value  not  less  than  20.51) 
Light  3rear  -  9 . 5  x  10^*  kilometers  -  5 . 9  X  10^*  miles 

Parsec,  distance  star  whose  parallax  is  i  sec.  -  31  X  10^  km  -  19. 2  x  10"  m 


-  50. 2564'  +  0.000222  (/  —  1900)'  (Newcomb) 

-  23°  27'  8.26'  -  0.4684  (/  -  1900)'  (Newcomb) 

-  9. 21'  (Paris  conference) 

-  666.07  X  io~"  cmVg  sec*  >*  o.  16  x  io~" 
«>  f  -•  0.01675104  —  0.0000004180  (l  ^  1900)  — 

0.0000000000126  (/  —  1900)' 

-  «i  -•  0.05490056  (Brown) 
-/- 5*8^ 43- 5' (Brown) 
-i  0.04488716  (Brown) 

-  L  -  6.454' 
-0-  124.785' (Brown) 


General  precession 
Obliquity  of  ecliptic 
Constant  of  nutation 
Gravitation  constant 
Eccentricity  earth's  orbit 

Eccentricity  moon's  orbit 
Inclination  moon's  orbit 
Delaunay's  7  -  sin  J/ 
Limar  inequality  of  earth 
Parallactic  inequality  moon 

Ss  1^  s^^6^^}'  -  ^^*  "'  ^9.3838'  +o.ooxa^  (,  -  X900)' 
Pole  of  Milky  Way  -  R.  A.,  12  h.  48  m.;  Dec.,  +27** 


Smithsonian  Tables. 


Taslu  Hi-hs- 

ASTRONOMICAL   DATA- 

TABLE  HI.  —  TlM  Plnt-nuinituda  Stan. 


No. 

Sui. 

Mk. 

™- 

R.A. 
ipoe. 

D«. 

Annua] 

y- 

P>nUu. 

Ab>. 

RidUl 

i 
ii 

i  r 

1     :; 

AMmti  ■"'.'■ 

aV.::::;: 
SSi.,.::;; 

""W 

Ii 

U 
M> 

1 

1    ^ 
6     4a 

■4     " 

1  i 

! 
i 

3"S' 

+**    JS 

I 

094' 

B 

i 
1 

1 

}65 

108* 

1 
1 

m 

+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+" 
+0 
■ho 
+0 

III 

i 

019 

3 

-6:' 
+47 

+».s 

+  M 
+  11 
+  10 

+3 

+1 

1 

*Vi«ulUiiuy.         t  SpcctrcacapK  binuy,  tP*n  "ilb  common  propet  motinn, 

f  Wide  pair  pnbtbLy  optiol. 

Hui  rtbttm  to  >UD  of  (7)  is  s-i:  of  (8),  i.j:  of  (16).  3.0.    Fot  dcKTiptkni  of  typo,  «c  Table  5, 
Huvud  CoUiae  Obaeivitory,  i3,  p.  146,  or  meie  ctaciidy  ;6,  p.  66.  uutpi,  p.  5.    The  licbtntio  bel 


.   The  *b»lHte  RUksohuiie  ef  a 


TABLE  Mt.  — WoIPb  ObMrred  Sun-apot  Nombsr*.    Anmial  Means. 

."   WoKnumbe"" 


Wather  Review,  30,  p.  171,  io£»;  mDmi 
tod  Ziiuchiift  fOi  MeteorologK,  daily  u 
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11 
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?; 
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1" 

iS 
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I 
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& 

S9 
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1! 

,^ 

J7 

04 

te 

8 
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j5 
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,^ 
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Tables  543-545. 


GCODETICAL  AND  ASTRONOMICAL  TABLES. 

TABLE  54S.«-Iien|rtlL  of  DeyreM  on  the  Xarth's  Bvrf aeo.j 


At 
Lat. 

OO 
lO 
20. 

30 
40 

45 
SO 

Miles  per  degree 

Km.  per  degree 

At 

Lat. 

60 

65 
70 

u 

90 

Miles  per  degree 

«   Km.  per  degree 

0!  Long. 

of  Lat. 

of  Long. 

of  Lat. 

of  Lonf;. 

of  Lat 

of  Long. 

of  Lat. 

65-03 
59.96 

53-o6 
49.00 

44-55 

68.70 
68.72 
68.79 
6S.88 
68.99 
69.05 
69.11 

111.32 
109.64 
104.65 

06.49 

85.40 
78.85 
71.70 

"O.57 
110.60 

iia70 
110.85 
111.03 
111.13 
111.23 

39-77 
34.67 
29.32 

2373 
17.96 

12.05 

0.00 

69.17 

P 

69-39 
69.41 

64.00 

55-80 
47.18 

38.19 
28.90 

19-39 
0.00 

"1-33 

IIIw^2 
1 1 1.50 

1 11.57 
1 11.63 
III.67 
1 11.70 

For  more  complete  table  see  "  Smithsonian  Geographical  Tablet.'* 


TABLE  644.— Equation  of  Tlm«. 

The  equation  of  time  when  4~  ^s  to  be  added  to  the  apparent  solar  time  to  give  mean  time. 
When  the  place  is  not  on  a  standard  meridian  (75  th,  etc.)  its  difference  in  longitude  in  time 
from  that  meridian  must  be  subtracted  when  east,  added  when  west  to  get  standard. time  (7^  th 
meridian  time,  etc.).  The  equation  varies  from  year  to  year  cyclically,  and  the  figure  following 
the  ^t  8igi&  gives  a  rough  idea  of  this  variation. 


Apr.   I 

15 
May   I 

,      'S 
June  I 

15 


M. 

+4 
+0 

— 2 


S. 

24- 

81 : 

54z  = 


—3  49i  = 
—2  28-- 

+0    8j 


7 

5 

3 
I 

3 
4 


July    I 

15 
Aug.  I 

Sept.  I 
15 


M.       S. 

+3  3^:kS 
+5  42=  =3 

9=z3 
24=  =5 

2=  =7 
—4  4i±9 


+ 

+4 

+0 


Oct.   I 

Nov.  I 

^     15 
Dec.  I 

15 


M.        S. 

— 10  124-  8 

— U    5zi  6 

— 16  19J  2 
—15  22-}-  4 
—10  58-I-  8 
—  4  S3ztio 


TABLE  646.— Planetary  Bata. 


Body. 

Reciprocals 
of  masses. 

Mean  distance 
from  the  ;;un. 

Sidereal 
period. 

Ec^uatorial 
diameter. 

Inclination 

Mean 
density. 

Gravity 
at 

Km. 

Mean  days. 

Km. 

HaO=x 

surface. 

Sun 

I. 

,    1                        1    , 

139IIO7 

, 

1.42 

28.0 

Mercury 

6000000. 

58x10® 

87.97 

4842 

7^003 

5.61 

0.4 

Venus 

408000. 

108" 

244.70 

I219I 

3-393 

5.16 

0.^ 

Earth  * 

329390. 

140" 

365.26 

12757 

— 

5.52 

I. GO 

Mars 

3093500. 

228" 

686.98 

6784 

1.850 

3.95 

0.4 

Jupiter 
Saturn 

1047.35 

778" 

4332.59 

142745 
120798 

1.308 

1.34 

2.7 

3501 .6 

1426  " 

10759.20 

2.492 

.69 

1.2 

Uranus 

22869. 

2869" 

30685.93 

49693 

0.773 

1.36 

I.O 

Neptune 

19700. 

4495" 

60187.64 

52999 

1.778 

1.30 

I.O 

Moon 

t8i.45 

38  X  10* 

27.32 

3476 

5.145 

3.36 

0.17 

•Earth  and  moon,  f  Relative  to  earth.  Inclination  of  axes:  Sun  7''^Sl  Earth  23*.4S;  Mars  a4*-6; 
Jupiter  3*. I ;  Saturn  26'.8;  Neptune  27*.a.  Others  doubtful.  Approximate  rates  of  rotation:  Sunasid; 
Moon  37id ;  Mercury  88d ;  Venus  aasd ;  Mars  24**  37" ;  }  upitcr  sp»  55"  *  Saturn  io*»  14'". 


Smitmsonian  Tablcb. 
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TABLE  646.—  Jfumbers  and  Equivalent  Light  of  the  Stars. 

The  total  of  starlight  is  a  sensible  but  very  small  amount.  This  table,  taken  from  a  paper  by  Chapman,  shows 
that  up  to  the  30th  magnitude  the  total  light  emitted  is  equivalent  to  687  ist-magnitude  stars,  equal  to  about  the 
hundredth  port  of  full  moonlight.  If  all  the  remaining  stars  are  included,  following  the  formula,  the  eauivalent  addi- 
tion would  be  only  three  more  ist-magnitude  stars.  The  summation  leaves  off  at  a  point  where  e^ich  adaitional  magni- 
tude is  adding  more  stars  than  the  last.  But,  according  to  the  formula,  between  the  33d  and  2Ath  magnitudes  there 
is  a  turning  point,  after  which  each  new  magnitude  adds  less  than  before.  The  actual  counts  have  been  carried  so 
near  this  turning  point  that  there  is  no  reasonable  doubt  of  its  exbtence.  Given  its  existence,  the  number  of  stars  is 
probably  finite,  a  conclusion  open  to  very  little  doubt.  All  the  indications  of  the  earlier  terms  must  be  misleading  if 
the  margin  between  i  and  2  thousand  millbns  is  not  enough  to  cover  the  whole.  (Census  of  the  Sky,  Sampson,  Observ- 
atory, 1915.) 


Magnitude, 

M 

Number. 

Equivalent 
number 

of  ist- 
magnitude 

stars. 

TotAls  to 

magnitude, 

m 

Magnitude, 
m 

Number. 

Equivalent 
number 
of  xst- 

magnitude 
stars. 

Totals  to 

magnitude, 

m 

-1.6 

-0.9... 
0.0 

O.O-I.O.  .. . 

1.0-3.0 

3 . 0-3 .0 

3.0-4.0.... 

4.0-5.0 

5.0-6.0 

6.0-7.0 

7.0-8.0 

8.0-9.0.... 

Sirius 

a  Cariiue 

a  Centauri 

8 

27 

73 

189 

650 

a,2oo 

6,600 

22,550 

65,000 

XI 

6 

3 

14 
17 
18 

36 
35 

56 
65 

33 
50 
68 

87 
113 
148 

346 
311 

9.0-10.0 

174,000 

436,000 

961,000 

2,020,000 

3,960,000 

7,830,000 

14,040,000 

35,400,000 

38,^,000 

54,600,000 

76,000,000 

60 

.51 
40 

31 

33 

16 
10 

6 
3 
3 

380 
448 
508 

559 
630 

ill 

678 
684 
687 
690 

lO.O-II.O 

1I.0-I3.0 

13. 0-13.0 

13,0-14.0 

14.0— 15.0 

15. 0-16.0 

16 .  o-i  7.0 

17. 0-18.0 

18. 0-19.0 

19.0—30.0 

All  stars  fainter  than  30.0 

TABLE  647.  —  Albedos. 

The  albedo,  according  to  Bond,  is  defined  as  follows:  "Let  a  sphere  S  be  exposed  to  parallel  light.  Then  its  Albedo 
is  the  ratio  of  the  whole  amount  reflected  from  S  to  the  whole  amount  of  light  incident  on  it."  In  the  following  table, 
m  «  the  stellar  magnitude  at  mean  opi>osition;  g  =  magnitude  it  would  nave  at  full  phase  and  unit  distance  from 
earth  and  sim;  <r  =  assumed  mean  semi-diameter  at  unit  distance;  p  »  tatio  of  observed  brightness  at  full  phase  to 
that  of  a  flat  disk  of  same  size  and  same  position,  illuminated  and  viewed  normally  and  reflecting  all  the  incident  li^ht 
according  to  Lambert's  law;  g  depends  on  law  of  variation  of  light  with  phase;  albedo  »•  Pq.  Kusaell,  Astxophysical 
Journal,  43,  p.  173, 1916. 

Albcxio  of  the  earth:  A  reduction  of  Very's  observations  by  Russell  gives  0.45  in  close  agreement  with  the  recent 
value  of  Aldrich  of  0.43  (see  Aldrich,  Smithsonian  Misc.  Collections,  69,  1919). 


Object. 

m 

S 

<r 

P 

Q 

Visual 
albedo. 

• 

Color 
index. 

Photo- 
graphic 
albedo. 

Moon 

-12.55 
-3.94 

—  3.13 

-4.77 
-1.85 
—3.39 
+0.89 
+5.74 
+7.65 

-1-0.40 
-0.88 
—0.06 
-4.06 
-1.36 
-8.99 
-8.67 
-6.98 
-7.06 

2.40' 

3.45 

3.4s 

4.67 
95.23 
77.95 
36.0 

34.5 

0.105 
.164 

.077 
.492 
.139 
.375 
.430 

.42 

.49 

0.694 

0.43 

0.72 

1.20 

I. II 

1.5: 

1.5: 

1.5: 

1.5: 

0.073 
.069 

.055 

.59 

.154 

•  so: 

.63: 

.63: 

.73: 

-I-1.18 

+^78 
+1.38 
+0.50 
-hi.ia 

0.051 

.60 
.090 

•  73: 
0.47: 

Mercury 

Venus 

Mars 

Jupiter 

Saturn 

Uninus 

Neptune. 

TABLE  648.  —  Duration  of  Sunshine. 


■ 

Declination 

-23-  27' 

-15' 

-xo* 

-5' 

.     o« 

+5* 

+IO-  • 

H-is' 

+20* 

+23-  27' 

of  sun: 
approx.  date: 

Dec.  22 . 

Feb.  9 
Nov.  3. 

Feb.  33 
Oct  19. 

Mar.  8 
Oct.  6. 

Mar.  31 
Sept.  33. 

Sept.  10 
Apr.  3. 

Apr.  16 
Aug.  28. 

May  I 
Aug.  13. 

May  30 
Jan.  34. 

June  21 

Latitude. 

h    m 

h    m 

h    m 

h    m 

h    m 

h    m 

h    m 

h    m 

h    m 

h    m 

o* 

12  07 

12  07 

13  07 

la  07 

13  07 

13  07 

12  07 

13  07 

13  07 

13  07 

lO* 

II  32 

II  45 

II  53 

13  00 

12   07 

13  14 

12  21 

12  39 

13  36 

12  43 

20' 

10  55 

II    23 

II  38 

II  S3 

12   07 

12  33 

12  37 

13  53 

13  08 

13  20 

K 

10  13 

10  57  . 

II    31 

II  44 

12   08 

13  31 

12  55 

13  19 

13  46 

14  05 

K 

9  19 

10  35 

II  01 

II  35 

12   09 

13  43 

13  17 
13  48 

13  S3 

14  32 

15  01 

5°; 

8  04 

9  43 

10  34 

II  23 

12    XO 

12  58 

14  40 

IS  38 

16  33 

is; 

7  09 

9  12 

10  15 

II  14 

12    13 

13  09 

14  09 

IS  13 

16  36 

17  23 

6o» 

s  52 

8  34 

9  52 

II  04 

12    13 

13  23 

14  36 

IS  57 

17  31 

18  52 

K 

3  34 

7  39 

9  19 

10  50 

13    16 

13  43 

IS  IS 

17  01 

19  19 

33  03 

K 

— 

6  10 

831 

10  39 

13    X9 

14   XX 

16  15 

18  50 

— 

— 

75' 

— 

2  37 

7  04 

9  55 

12    36 

15  00 

18  05 

— 

— 

— 

8o« 

■^■w 

3  10 

8  46 

13   38 

1644 

-^" 

*^^ 

'     ■ 

^^~ 

For  more  extensive  table,  see  Smithsonian  Meteorological  Tables. 


Smithsonian  Tables. 
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Tables  649-662.-SOLAR  ENERGY. 
TABLB  648.  —  Tlid  Solar  OonitMit 


Solar  constant  (amount  of  energy  falling  at  normal  incidence  on  one  square  centimeter  per 
minute  on  body  at  earth's  mean  distance)  =  1.932  calorics  =  mean  696  determinations  1902—12. 
Apparently  subject  to  variations,  usually  within  the  range  of  7  per  cent,  and  occurring  irregularly 
in  periods  of  a  week  or  ten  days. 

Computed  effective  temperature  of  the  sun :  from  form  of  black-body  curves,  6000®  to  7006® 
Absolute ;  from  Amax.  =  2930  and  max.  =  o.470f^  6230° ;  from  total  radiation,  J  =  76.8xior-i^  X  T*, 
5830°. 

TABLE  fi50.  —  Solar  spootmm  onorgy  (artiltrary  vsitB)  and  ita  traiiimiaalffli  I17  tlia  aarth'a  atmosylun. 

Values  computed  from  em  ^  Coa™,  where  em  is  the  intensity  of  solar  energy  after  transmission 
through  a  mass  of  air  m;  m  is  unity  when  the  sun  is  in  the  zenith,  and  approximately  =  sec 
zenith  distance  for  other  positions  (see  table  556);  eo=the  energy  which  would  have  been  ob- 
served had  there  been  no  absorbing  atmosphere;  a  is  the  fractional  amount  observed  when  the 
sun  is  in  the  zenith. 


1 

Transmission  coef- 

Intensity  Solar  Energy.    ^^u^JJ^ 

Wave-length 

ficients,  a. 

ST 

Mount  Wilson. 

Washingt 

on. 

»?  •** 

-I 

1^ 

• 

1* 

i^ 

s 

0 

m  =  o 

m=  I 

m  =  i 

2 

4 

6 

m=  I 

2 

3 

4 

6 

0.30 

_ 

(•460) 

(.550) 

_^ 

54 

30 

U 

IZ 

2 

I 

— 



— « 

^— 

.32 

— 

.520 

.6x5 

— 

lit 

68 

30 

8 

2 

~— 

^^ 

— ^ 

-■~ 

:?J 

— 

.580 

.692 

— 

232 

r6o 

135 

78 

26 

9 

— ~ 

^■^ 

^" 

— ^ 

^— 

— 

.635 

•74« 

— 

302 

224 

192 

122 

49 

20 

— 

^■^ 

^^ 

^^ 

^^ 

•38 

(.380) 

.676 

.784 

.562 

354 

278 

a39 

162 

74 

34 

134 

5» 

>9 

7 

3 

.40 

.560 

.729 

•809 

.768 

414 

548 

302 

220 

117 

62 

233 

»30 

73 

41 

»3 

.46 

.690 

.83a 

.887 

.829 

618 

514 

428 

296 

rj 

426 

394 

303 

140 

67 

.50 

.733 

.862 

.919 

.850 

606 

557 

522 

450 

334 

441 

323 

237 

'74 

94 

.60 

•779 

.900 

.940 

.866 

5<H 

,474 

^54 

409 

331 

268 

393 

306 

238 

>85 

113 

.70 

.858 

.886 

.950 

•964 

.903 

364 

351 

346 

329 

297 

268 

312 

368 

230 

197 

»45 

.80 

.970 

.976 

.915 

266 

360 

238 

250 

235 

231 

336 

309 

185 

164 

X4S 

1. 00 

.922 

.980 

•975 

•94« 

166 

162 

163^ 

160 

*54^ 

147^ 

153 

«4« 

130 

I30 

103 

1.50 

•938 

.976* 

•965 

.961 

63 

61 

6i* 

6o* 

57* 

55? 

59 

55 

52 

49 

43 

2.00 

.912 

.970* 

•93a 

.940 

as 

»3 

14* 

33*       ai» 

19* 

23 

31 

«9 

«7 

M 

Transmission  coefficients  are  for  period  when  there  was  ap^rently  no  volcanic  dust  in  the  air. 
*  Possibly  too  high  because  of  increased  humidity  towards  noon. 

TABLB  fi51.  —  th»  Intansity'  of  Solar  Radiatloii  In  dlffori&t  aoodona  of  tho  apootnun,  vltra-Tldot,  Tlaaal 

Infra-rod.    Oalorloa. 


Wave-length. 

Mount  Whitney. 

Mount  Wilson. 

Washington. 

0.00  to  0.4  s 
0.4s   to  0.70 

0.70    to        00 

0.00  to       00 

m=o 

m:=  I 

2 

3 

4 

m:=  1 

3 

3 

4 

m=:i 

3 

3 

4 

•3« 
•7> 
.91 

1.93 

•25 
.67 

'H 
1.78 

.19 
.63 

•85 
1.66 

.16 

f 

1.56 

.«3 

:li 

«47 

•23 

•65 

•69 

157 

.16 
1.42 

.12 

-5» 
.66 

1.28 

.09 

.45 

.63 

1. 17 

.13 
•S3 
.69 

1-35 

.06 

.40 

.63 

1.08 

.04 

.30 

•57 
.90 

.02 
.24 
•53 
•79 

TABLE  55S.  -  Dlatzllmtiott  of  toiglitBOBa  (RaOUtioa)  ovor  tho  Solar  Dlak. 

(These  observations  extend  over  only  a  small  portion  of  a  sun-spot  cycle.) 


Wave- 

ft 

/* 

/* 

ft- 

f* 

!*■ 

/* 

/* 

/* 

M 

!*■ 

M 

/* 

H- 

ft 

length. 

0323 

0.386 

0.433 

0.456 
5»5 

0.481 

0.501 

0-534 

0.604 

0.670 

0.699 

0.866 

IJ031 

1.225 

1.655 

2.097 

• 

0.00 

«44 

338 

456 

5" 

489 

463 

« 

399 

333 

307 

174 

III 

77.6 

39-5 

X4.0 

3 

0.40 

128 

312 

423 

486 

483 

463 

440 

382 

320 

295 

169 

108 

75-7 

38.9 

13 .8 

"S 

0.55 

120 

289 

395 

455 

456 

437 

4«7 

365 

308 

284 

163 

io5^5 

73-8 

38.3 

13.6 

X 

0.65 

112 

267 

368 

428 

430 

4«4 

396 

348 

295 

273 

'59 

103 

72.2 

37-6 

'3-4 

c' 

0.75 

99 

240 

333 

390 

394 

380 

366 

326 

381 

258 

'52 

99 

69.8 

36.7 

»3-i 

0 

0.825 

86 

214 

296 

35 » 

358 

347 

337 

304 

363 

243 

»45 

94.5 

67.1 

35-7 

13.8 

u 

0.875 

76 

188 

266 

3*7 

324 

323 

312 

284 

347 

229 

'38 

90-5 

64.7 

34.7 

«3.S 

0.93 

64 

163 

233 

277 

396 

386 

381 

259 

327 

212 

'30 

86 

61.6 

33-6 

X3.3 

lo-95 

49 

141 

205 

343 

;»55 

254 

254 

237 

210 

«95 

122 

81 

58^7 

32.3 

ir.7 

Taken  from  vols.  II  and  III  and  unpublished  data  of  the  Astrophysical  Observatory  of  the 
Smithsonian  Institution.  Schwartzchild  and  Villiger:  Astrophysical  Journal,  23,  1906. 
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Tables  553-666. 

ATMOSPHERIC  TRANSPARENCY  AND  SOLAR   RADIATION. 

TABLB  60S.  —  Tranimlulott  ot  Radiation  Tlironch  MoUt  and  Dry  Air. 


419 


Th'Is  table  eives  the  wave-length,  \ ;  a  the  transmission  of  radiation  by  dry  air  above  Mount 
Wilson  (altitude  =  1730  m.  barometer,  620  mm.)  for  a  body  in  the  zenith  ;  finally  a  correction  fac- 
tor, awi  due  to  such  a  quantity  of  aqueous  vapor  in  the  air  that  if  condensed  it  would  form  a  la]^er 
I  cm.  thick.  Except  in  the  bands  of  selective  absorption  due  to  the  air,  a  agrees  very  closely  with 
what  would  be  expected  from  purely  molecular  scattering,  aw  is  very  much  smaller  than  would  be 
correspondingly  expected,  due  possibly  to  the  formation  of  ions  by  the  ultra-violet  light  from  the 
sun.  The  transmission  varies  from  day  to  day.  However,  values  for  clear  days  computed  as  fol- 
lows asree  within  a  per  cent  or  two  of  those  observed  when  the  altitude  of  the  place  is  such  that 
the  effect  due  to  dust  may  be  neglected,  e.  g.  for  altitudes  greater  than  1000  meters.    If  B  =? 

B 

the  barometric  pressure  in  mm.,  w,  the  amount  of  precipitable  water  in  cm.,  then  a3  =  a"^  aw'  w  is 

best  determined  spectroscopically  (Astrophysical  Journal,  35,  p.  149,  1912,  37,  p.  359, 1913)  other- 

^    h 

wise  by  formula  derived  from  Hann,  w=  2.3ewio    "^**,  e^  being  the  vapor  pressure  in  cm.  at  the 
station,  h,  the  altitude  in  meters.  See  Table  377  for  long-wave  transmission. 


a 
aw 

.360 

(.660) 

.950 

•384 
.960 

•413 
•783 
.965 

.452 
.840 
.967 

:^1 

•977 

f 

.574 
.905 

•974 

.624 

•929 
.978 

.653 
•938 

.720 
.970 
.988 

.986 
.986 
.990 

1.74 
.990 
.990 

Fowle,  AKtrophysical  Journal,  38,  1913. 
TABLE  fiM.  -BrightttMU  of  (radUtion  from)  Sky  at  Kt.  Wilson  (1730  m.)  and  Flint  Island  (sea  lovOl). 


Zenith  dist.  of  zone  . 
10^  X  meau  ratio  sky/sun 

Ditto  X  area  of  zone 
<i  t(  «< 


Mt.  Wilson 
Flint  Island 
Mt.  Wilson 
Flint  Island 


0-15^ 
iSoo* 

"5 
51.0 

3-9 


15-35^ 
400 

132 
58.8 
17.9 


35-SO^ 
530 

128 

91.5 

22.5 


50-60° 
610 

ISO 
87.2 
21.4 


60-70° 
660 
185 

104.3 
29.2 


70-80° 

80-90° 

- 

Sun. 

TOO- 

720 

— 

— 

210 

460 

- 

- 

1 1 7.6 

"5-3 

- 

636 

35-3 

80.0 

— 

210 

Altitude  of  sun 

Sun's  brightness,  cal.  per  cm.'  per  min.    . 
Ditto  on  horizontal  surface        .... 
Mean  brightness  on  normal  surface  sky  X  lo^/sun 
Total  sky  radiation  on  horizontal  cal.  per  cm.'  . 

*  per  m 

Total  sun  -f-  sky,  ditto 


5" 

•533 
.046 

4*3 

.056 
.ro2 


15" 
.900 

•»33 
403 

.110 
•343 


25° 

1-233 
•524 
.385 

.r62 

.686 


35° 

1.358 
.780 

365 

.189 
.969 


47i° 
1.413 
1.041 

346 

.205 
1.246 


•65° 
1.496 

«-355 
326 

m 

.226 
1. 581 


82^° 

1.53 1 
1.507 

310 

.240 
«.747 


*  Includes  allowance  for  bright  region  near  sun.  For  the  dates  unon  which  the  observation  of  the  upper  portion  of 
table  were  taken,  the  mean  ratios  of  total  radiation  skv/sun,  for  equal  aneular  areas,  at  normal  incidence,  at  the  island 
and  on  the  mountain,  respectively,  were  636  X  10—8  ana  210  X  10—  o,  on  a  horizontal  surface,  305  X  10— 8  and  77  X  10—8; 
for  the  whole  sky,  at  normal  incidence,  0.57  and  0.20;  on  a  horizontal  surface  0.27  and  0.07.  Annals  of  the  Astro' 
physical  Observatory  of  the  Smithsonian  Institution,  vols.  II  and  III,  and  unpublished  researcnes  (Abbot). 

TABLB  ftM.  —  BalatiTO  Diitrllrallon  In  Normal  Spootmm  of  Snnllglit  and  Sky-light  at  Mount  WlUnn. 

Zenith  distance  about  50°. 


M 

/* 

t^ 

/* 

M 

/* 

c 

D 

b 

F 

Place  in  Spectrum 

0.422 

0.4S7 

0.491 

0.566 

0.614 

0.660 

Intensity  Sunlight 

186 

232 
986 

227 

211 

191 

166 

Intensity  Sky-light 

1194 

701 

395 

231 

174 

Ratio  at  Mt.  Wilson 

642 

425 

309 

187 

121 

105 

102 

H3 

246 

316 

Ratio  computed  by  Rayleigh 

- 

- 

102 

164 

258 

328 

Ratio  observed  by  Rayleigh 

~" 

^ 

— 

^ 

~" 

^ 

102 

168 

291 

369 

TABLE  fi56.  -Air  Kaasoa. 

See  Table  174  for  definition.  Besides  values  derived  from  the  pure  secant  formula,  the  table 
contains  those  derived  from  various  other  more  complex  formula,  taking  into  account  the  curva- 
ture of  the  earth,  refraction,  etc.    The  most  recent  is  that  of  Bemporad. 


Zenith  Dist. 

oo 

aoo 

400 

660 

70® 

75° 

«oO 

85° 

88° 

Secant 

1. 00 

1.064 

I.30S 
1.306 

.    2.000 

2.924 

3.864 

576 

• 

11.47 

28.7 

Forbes 

1.00 

1.065 

'•995 

2.902 

3.809 

5-57 

T0.22 

18.9 

Bouguer 

i.oo 

1.064 

1-305 

1.990 

2.900 

3.805 

5.56 

10.20 

19.0 

Laplace 

1. 00 

— 

1-993 

2.899 

5-56 

10.20 

18.8 

Bemporad 

I.oo 

• 

" 

" 

1-995 

2.904 

^ 

5.60 

10.39 

19.8 

The  Laplace  and  Bemporad  valuesi  Lindholm,  Nova  Acta  R.  Soc.  Upsal.  3,  1913  ;  the  others,  Radau's  Actino- 
metric,  1877. 
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Tables  667-568. 
RELATIVE  INTENSITY  OF  SOLAR  RADIATION. 


TABLE  557.~MMui  IntmittT «/!»  24  luniXB  ot  Mlar  ndlatln  on  a  liariioiital  nifaoe  at  tlw  Iqp  of 
atBOiplian  and  the  lolar  xadiatton  A,  in  tarma  ot  tlia  aolar  lafllatton,  Aq, 
at  oarth'a  maan  dlatanoa  from  th»  bob. 


Rblativb  Mban  Vbrtical  Intbmsxty 

\Ao)' 

Motion  of 
the  sun 

A 

Date. 

in 
longi- 
tude. 

LATITUDB  NORTH. 

Ao 

00 

100 

TOP 

aoo 

40° 

60° 

60° 

700 

80° 

90P 

/an.   I 

o 
0.99 

0.303 

0.265 

0.220 

ai69 

O.117 

0.066 

0.018 

1.0335 
I.02i8 

Fed.    I 

31-54 

.312 

.282 

.244 

.200 

.150 

.100 

.048 

0.006 

Afar.  I 

5914 

.320 

•303 

.279 

.245 

.204 

.158 

.108 

.056 

0.013 

IOI73 

Apr.  I 

89.70 

'3^7 

•31? 

.312 

.295 

.269 

.235 

.195 
.278 

.148 

.101 

0.082 

1.0009 

May  I 

119.29 

•303 

.318 

•330 

•329 

.320 

.302 

•253 

•255 

.259 

0.9841 

/une  1 

149.82 

.287 

•315 

•334 

•345 

•349 

•345 

•337 

.344 

.joo 

0.9714 

>/>/  I 

179-39 

.283 

.312 

-333 

•347 

•352 

•3SJ 

•345 

.356 
.282 

•373 

.379 

0.9666 

Aus'.  I 

209.94 

.294 

.316 

•330 

•334 

.330 
.285 

.318 

.300 

.295 

.300 

^•9709  ; 

Ar//.  I 

240.50 

.310 

.3i« 

.316 

•305 

.256 

.220 

.180 

•139 

.140 

0.9828 

C?^/.    I 

270.07 

'3^7 

.308 

.289 

.261 

.225 

.183 

.063 

.084 

.065 

0.9995 

Nov.  I 

300.63 

.312 

.286 

.251 

.211 

.164 

.114 

.018 

1. 01 64 

Z>^<:.  I 

330-19 

.304 

.267 

.224 

•175 

.124 

.072 

.024 

1.0288 

Year, . . . 

0.305 

0.301 

0.289 

0.268 

0.241 

0.209 

0.173 

0.144 

0.133 

0.126 

1 

1 

TABLE  M84— Kaan  Honthly  aad  Taaxly  TamparatnToa. 

Mean  tentperatures  of  a  few  selected  Ameocan  stations,  also  of  a  station  of  very  high,  two  of  very  low  temperature, 
and  one  of  very  great  and  one  of  very  small  range  of  temperature. 


■      I 
Year. 


z  Hebron-Rama  (Labr.) 
3  Winnipeg  (Canada) 

3  Montreal 

4  Boston 

5  Chicago 

6  Denver 
f  Washington 
8  Pikes  Peak  . 
g  St.  Louis 

10  San  Francisco 

iz  Yuma  . 

I  a  New  Orleans 

13  Massaua 

r4  Ft.  Conger  (Grecnl'd) 

15  Werchojansk 

16  Batavia 


Jan. 


— ao.7 
— ai.6 
— 10.9 

—  2.8 
-4.8 

—  a.  I 

+  07 
— 16.4 

—  0.8 
--10.1 
--ia.3 

--25.6 

—390 
— 51.0 


Feb. 


X 


— ao.9 

—18.8 
—  9.1 

—  a.a 

—  2.9 

o.i 

2.1 
— 15.6 

+  ..7 

H-J0.9 
-f-«4-9 

+>4-5 
-f-26.0 
— 40.1 
—45-3 

-t-2S-4 


Mar. 


-15-6 

— II.O 

—  4-3 
--  1.2 
--  1.2 
--  3-8 
--  52 
— »3-4 
--  6.2 

--12.0 
-f-i8.i 
--16.7 
--27.1 
—33.5 
—3a.  5 
+25-8 


Apr. 


6.9 
1.9 
4.8 
7-3 
7-9 
8.3 

— 10.4 

--13.4 
--12.6 

--2I.O 
-  -20.6 

4-29.0 

—25-3 
—13.7 
+a6.3 


May. 


June. 


-f-  0.2 
-|-io.9i 
-hia.6 
4-13.6 

T«3.4 
+13.6 

-r>7.7 

~  5-3 

--I8.8 

--I3.7 
--as. I 

--23.7] 
--3i.» 

— lO.O 

-4-  2.0 
■fa6.4 


--  4 

--17 

--x8 

--19 

--19 

--19 

--22.9 

--  0.4 

--24.0 

--14.7 

--29.4 

-  -26.8 

--33-5 
--  0.4 

--ia.3 

-f-26.0 


July. 


Aug. 


-7.6 
-18.9! 
-20.5 

-21.8 

-22.2 

■aa.i 
24.9 

■  4.5 
-26.0 
■14.6 

33.1 
27.9 
•34.8 

-    2.8 

■«5-5 
-aS-7 


--23 


8.0 
17.6 

19-3 
20.6 
21.6 

21. 2 

7 
3-6 
24.9 
14.8 
3a -6 
27  s 
34-7 
i.o 

10.  z 
25.9 


Sept. 


Oct. 


Not. 


--  4.5 
--11.6, 
--Z4.7 
--Z6.9 
--Z7.9 
--16.6 
--19.9 

—  0.3 
- -20.81 

--I5-8 
-|-29.i 

«5-7 

33-3 

—  9.0 

-j-  a.5 
-t-26.3 


—  0.8 

-H4.1 
4-7.8 
-l-n.i 
-f-it.z 

4-I0.3 

-fi3.4 
-5.8 

-  -Z4.a 
--15.2 
--22.8 
--ai.o 

--31.7 
— aa.7 
— 15.0 

-i-a6.4 


—  6.2 

-7.6 

—  0.2 
-h4.8 
+  3.6 
+  3-3 
-1-6.9 
— IZ.8 
+  6.4 

>3.5 
16.6 

--15.9 

-f-29.0 
—30.9 
—37-8 
-|-26.a 


Dec. 


5.a 

0.6 

S-5 

9.a 

9.7 


— 16.2 

—15.7 

—  7.Z 

—  o-s  -- 

—  1-5;-)- 

-h  2.34-12.6 
—14-4 —  7.1 
-j-  a.o-|-i3.i 
--Z0.8--13.2 
--«3.3!4-»2.3 
-|-i3.»4-ao.4 

,-fa7.o'-f-3o.3 
,—33-4 — aowo 
— 47.0J — i6l7 
-1-25.61-1-25.9 


'I 


Lat.,  Long.,  Alt.  respectively:  (i)  -f  58°.5.630.o  W,  — ;  (a)  -f- 49.9,  97.1  W,  233m.;  (3)  -f-45-5»  73-6  W,  57m.; 
(4)4- 4a-3»  7«i  W,  38m,;  (s)  -f  4»'9.  87.6  W,  151m.;  (6)  -h39.7»  105,0  W,  1613m.;  (7)  -f-38.9.  77-0  W,  34111.:  (8) 
-I-38.8,  Z05.0  W,  4308m.;  (9) -f  38.6,  90.2  W,  173m.;  (zo)  -1-37.8,  122.5  W,  47ro.;  (ii)-h3a.7i  "4-6  W,  43ro, ; 
(12)  +30.0,  90.Z  W,  z6m.;  (13)  -f  X5.6,  37.5  E,  9m.;  (14)  -|-8z.7,  64.7  W.,— ;  (15)  -{-67.6,  133.8  E,  z4om.;  (16)— 6.2, 
106.8  E,  7m. 

Taken  from  Hann's  Lehrbuch  der  Meteorologie,  a*nd  edition,  which  see  for  further  data. 
Kote:    Higheit  recorded  temperature  in  world=fi7"  C  in  Death  Valley,  Oalifomia,  July  10,  1913. 
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Tables  589-Ml. 

THE  EARTH'S  ATMOSPHERE. 

TABLE  669.  —  Miscellaneous  Data.    Variatioii  with  Lattttide. 
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Optical  evt  lence  of  atmosphere's  extent:  twili^t  63  km,  luminous  clouds  83,  meteors  200,  aurora  44-360.  Jeans 
computes  a  density  at  x7o  km  of  2  X  xo"  molecules  per  cm*,  nearly  all  H  (5%  He);  at  8x0  lun,  3  X  xo><*  molecules 
per  cm*  almost  allH.  When  in  equilibrium,  each  rats  forms  an  atmosphere  whose  density  decrease  with  altitude  is 
mdependent  of  the  other  comimnents  (Dalton  s  law,  H1O  vapor  does  not).  The  Uf^hter  the  gas,  the  smaller  the  decrease 
rate.  A  homogeneous  atmosphere,  76  cm  pressure  at  sea-level,  of  sea-level  density,  would  be  7991  m  high.  Average 
sea-level  bsirometer  is  74  cm;  correspondmg  homogeneous  atmosphere  (truncatiyl  cone)  7790  m,  weighs  (base,  m*) 
xo,x2o  kg;  this  times  earth's  area  is  52  X  xo^*  metnc  tons  or  io~*  of  earth's  mass.  The  percentage  by  vol.  and  the 
partial  praasuresof  the  dry-air  comoonents  at  sea-level  are:  Nt,  78.03,  593;02  mm;  Ot,  20.99^  1 59-5 2;  A,  0.94,  7.x^; 
COi,  0.03,  0.228;  Ha,  0.0X,  0.076;  Ne,  0.00x2,  0.009;  He,  0.0004,  0.003  (Hann).  The  following  table  gives  the  varia- 
tion of  the  mean  composition  01  moist  air  with  the  latitude  (Hann). 


Equator. 
So^N... 
7o«N... 


Ni  75. 99 

77.32 
77.87 


Oi  20.44 
20.80 
20.94 


A- 0.92 
0.94 
0.94 


HiO  2.63 
0.92 
0.22 


COi  0.02 
0.02 
0.03 


TABLE  660.  —  Variation  of  Percentage  Composition  with  Altitude  (Humphreys). 

Computed  on  assumptions:   sea-level  temperature  xi"C;   temperature  uniformly  decreasing  6*  per  km  up  to 
IX  km,  from  there  constant  with  elevation  at  —55^    J.  Franklin  Inst.  X84,  p.  388, 19x7. 


Height, 
km 

Argon. 

Nitrogen. 

Water 
vapor. 

Oxygen. 

Carbon 
dioxide. 

Hydrogen. 

Helium. 

Total 
pressure,  mm 

140 

^^_ 

o.ox 

^^^^ 

_^_ 

^^^_ 

90. IS 

0.84 

0.0040 

120 

— 

0.  X9 

— 

— 

— 

98.74 

1.07 

0.0052 

xoo 

— 

2.95 

0.05 

0.  II 

95.58 

1.3X 

0.0067 

80 

— 

32.18 

0.17 

1. 8s 

64.70 

1. 10 

0.0123 

60 

0.03 

8X.22 

0.15 

7.69 

— 

X0.68 

0.23 

O.093S 

50 

O.X2 

86.78 

o.xo 

10.17 

— 

2.76 

0.07 

0.403 

40 

0.22 

86.42 

0.06 

12.61 

— 

0.67 

0.02 

1.84 

30 

0.35 

84.26 

0.03 

15.18 
18.10 

o.oi 

0.16 

O.OI 

8.63 

20 

O.S9 

8X.24 

0.02 

O.OI 

0.04 

— 

40.99 

15 

0.77 

79.52 
78.02 

o.ox 

19.66 

0.02 

0.02 

— 

89.66 

XI 

0.94 

o.ox 

20.99 

0.03 

o.ox 

— - 

i63.oo          1 

5 

0.94 

77.89 

0.18 

20.95 

0.03 

O.OI 

405. 

0 

0.93 

77.08 

X.20 

20.75 

0.03 

0.01 

760. 

TABLE  661.  —  Variation  of  Temperature,  Pressure  and  Density  with  Altitude. 

Average  data  from  sounding  balloon  flights  (65  for  summer,  52  for  winter  data)  made  at  Trappes  (near  Paris), 
Uccle  (near  Brussels),  Strassburg  and  Munich.    Compfled  by  Humphreys,  16  to  20  m  chic^  extrapolated. 


Elevation, 
km 

Summer. 

Winter.                                   1 

Temp.  •  C 

Pressure, 
mm  of  Hg. 

Density, 

dry  air, 

g/cm» 

Temp.  •  C 

Pressure, 
mmof  Hg. 

Density, 

dry  air, 

g/cm* 

20.0 
19.0 
18.0 
17.0 
16.0 
ISO 
14.0 
13.0 
12.0 

XI. 0 

.10.0 

11 

7.0 
6.0 
SO 
4.0 
3.0 

2.5 
2.0 

1-5 
1.0 

0.5 
0.0 

-51. 0 
—51.0 
—51.0 
-SX.O 
-5X.O 
—51.0 
.     -sx.o 
-51. 0 
—51.0 
-49.5 
-45.5 
-37.8 

-29.7 
—  22.1 
-i<.l 
—8.9 
-3.0 
+2.4 
+5.0 

+7.5 
-f-io.o 
-I-12.0 
+14.5 
+15.7 

44.1 
51.5 
60.0 
70.0 
81.7 

95.3 

111. 1 
129.6 

151. 2 
176.2 
205.1 
237.8 
274.3 
3x4.9 
360.2 
4x0.6 
466.6 
528.9 
562.5 
598.0 

635.4 
674.8 
716.3 
760.0 

0.000092 
.000108 
.000126 
.000146 
.000171 
.000199 
.000232 
.000270 
.000316 
.600366 
.0004x9 
.000470 
.000524 
.000583 
.000649 
.000722 
.000803 
.000892 
.000942 
.000990 
.00x043 
.001x00 

.001157 
.001223 

-57.0 
-57.0 
-57.0 
-57.0 
-570 
-57.0 
-57.0 
-57. 0 
-57.0 
-57. 0 
-54. 5 

-49  5 
-43.0 

-35. 4 
-28.1 
—21.2 
-iS.o     , 

=?:? 

-47 
-30 

-1.3 
0.0 

+0.7 

39. 5 
46  .-3 

63.5 

74.0 

87.1 
102. 1 

XI9.5 
140.0 
164.0 
X92.0 
224.1 
260.6 
301.6 
347.5 
398.7 
455-9 
519.7 

554  3 
590.8 
629.6 
670.6 
714.0 
760.0 

0.000085 

.OOOIOO 

.000117 
.000137 
.000x60 
.000x87 
.000220 
.000257 
.000301 

.000353 
.000408 
.000466 
.000526 
.000590 
.000659 
.000735 
.000821 
.000915 
.000967 
.001023 
.001083 
.00x146 
.00x215 
.00x290 

760  mm  "  29.921  in.  ->  1013.3  millibars,    x  mm  *  1.33322387  millibars,    i  bar  —  1,000,000  dynes;   this  value, 
sanctioned  by  International  Meteorological  Conferences,  is  1,000,000  times  that  sometimes  used  by  physicists. 
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Tables  06t-Mt. 


TERRESTRIAL  TEMPERATURES^ 


TABLB  6<1.  —  Temperature  Variatioii  over  Barth'f  Suffice  (Hami). 


Temperatures  •  C 

Mean 

1 

Lud 

Latitude. 

sixxfaoe 

% 

Jan. 

Apr. 

July. 

Oct. 

Year. 

Range. 

temp. 

North  pole 

-41.0 

—28.0 

—1.0 

—24.0 

—22.7 

40.0 

-1.7 

i 

+8o* 

—32a 

—  22./ 

+2.0 

-19.1 

-17. X 

34-2 

-1.7 

ao 

70 

—26.3 

-14.0 

7-3 

-9.3 

-X0.7 

33.6 

^:J 

g 

60 

—  16. 1 

-2.8 

X4.X 

+0.3 

— x.x 

30.2 

SO 

-7.2 

+  S.2 

X7.9 

6.9 

+S.8 

25.1 

12. 6 

7-9 

53 

40 

-\-s.s 

13 -I 

24.0 

IS. 7 

14. 1 

14.1 

45 

30 

X4.7 

30. 1 

27-3 

21.8 

30.4 

21.3 

43-5 

30 

31.  Q 

2S.2 

28.0 

36.4 

Jl:l 

6.1 

254 

3X.S 

+10 

2S.8 

97  9 

37.0 

26.9 

1.4 

37.3 

34 

Equator 

'A^ 

36.6 

2S.7 

26.5 

26.3 

0.9 

37.x 

T2 

—10 

26.4 

25.9 

23.0 

2S.7 
22.8 

2S.S 

3.4 

3S.8 

ao 

20 

25-3 

24.0 

x8.7 

19.8 

M.O 

x8.4 

ss 

24.0 

24 

30 

2X.6 

41 

18.0 

7.1 

19.5 

ao 

40 

xs.4 

X2.5 

8.8 

".I 

II. 9 

6.6 

13.3 

4          1 

so 

8.4 

54 

30 

S.4 

S.4 

+6.4 

a 

60 

3.2 

^— 

-9.3 

— 

-3.2 

"5 
19.8 

0.0 

0 

70 

-1.2 

'— 

—  21.0 

— 

—12.0 

—1.3 

71         1 

80 

{--t:i] 

(-28.7) 
(-33.0) 

— 

5-20.6) 
(-25.0) 

(24.4) 

100 

South  pole 

^^^ 

m^^ 

(27.0) 

^^w 

(100) 

TABLE  668.  —  Temperature  Variatioii  with  Depth  (Land  and  Ocean). 

Table  illustrates  temperature  changes  imdernound  at  moderate  depths  due  to  surface  warming  (read  from  plot 
for  Tiflis,  Lehrbuch  der  Meteorok»ie,  Hami  and  SQring,  X9i5)'  Below  30-30  m  (nearer  the  surface  in  tropics)  there 
is  no  annual  variation.  Increase  downwards  at  greater  depths,  0.03  ^^  *  C  per  m  (x*  per  35  m)  1.  c.  At  Pitt^nir^, 
XS34  m,  49.4^,  .0294  per  m;  Oberschlesien,  3oo^  m,  70**,  .0294  per  m;  or  W.  Virginia,  3300  m,  70*,  .034*  per  m  (van 
Orstrand).    Mean  value  outflow  heat  from  earth's  center,  0.00000x73  ff-cal/cmVsec.  or  54  g-cal/aafi/ym  (39  Laby). 


Open  ocean  temperatures:   Greatest  mean  aimual  range  (Schott)  40**  N.  4.2**  C;   30*  S,  S-i*;   out  lo'^N,  only  2.3^; 

30*  S,  2.0*.    Mean  surface  temp,  whole  ocean  (Krttmmel)  17.4*;  all  depths,  3.9^    B<  * 
epth.    In  tropics,  surface  28**;  at  183  m,  11*.  80%  all  water  less  than  4.4*.   Deep-sea 
+2.6^    Sounaings  in  S.  Atlantic:  o  km,  18.9*;  .25  km,  15**;  .5  km,  8.3*;  i  km,  3.3*;  3  km,  1.7*;  4.5  km,  o.6^ 


elow  I  km  neariy  isothermal  with 

S'to 


Depth, 
m 

1 

Temperature,  centigrade. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

0 
o.s 

I.O 

IS 
2.0 
3.0 
4.0 
SO 
6.0 

I 

t 

9 
II 

14 
IS 

IS 

15 

4 
4 
6 

8 
10 
12 
13 
14 
14 

10 

t 

9 
10 
12 
12 
13 
14 

14 
X3 

12 
XI 
IX 

// 

12 

13 
14 

31 

18 
IS 
14 
13 
13 
12 

14 

29 
23 
20 
18 
16 
14 
13 
13 
14 

3a 

26 

24 
21 

x6 
14 
14 
14 

a8 
a6 
aa 

21 

17 
16 

14 
14 

24 
24 
23 
22 
ai 
18 
16 
IS 
14 

16 
18 
18 
18 
18 
18 

\l 
IS 

9 
12 

14 

li 

17 

z6 
15 

i  i 

10 

13 
14 

IS 

16 
16 
15 
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Eighty-three  chemical  elements  (86  including  Polonium,  Actinium  and  Uranium  Xx)  are  found  on  the  earth.  Besides 
the  8  occurring  imcombined  as  gases,  16  are  found  native,  C,  Au,  Fe,  Pb,  Hg,  Ni,  Pt,  Ir,  Os,  Ru,  Rh,  Pd.  Ag,  S,  Te  and 
Zn.  Combined,  the  elements  form  about  xooo  known  mineral  species.  Rocks  are  general  aggregates  of  these  species. 
Some  few  rocks  (e.g.  quartzite,  limestone,  etc.)  ccmsist  of  one  species  only.  The  crust  of  the  earth  may  be  divided  into 
three  layers:  the  fint  and  innermost,  of  the  crjrstalline  or  Plutonic  rocks,  the  second  of  aedimentarv  and  fragmentary 
rocks,  the  third  of  days,  gravels,  etc  We  have  some  knowledge  of  this  crust  to  a  depth  of  10  miles,  —  ^3%  is  solid 
matter,  7%  liquid,  and  the  atmosphere  amounts  by  weight  to  about  0.03%  of  it  See  Data  of  Geochemistzy,  F.  W. 
Clarke,  Bui.  616  U.  S.  Geological  Survey,  19x6. 

AvEXAGE  Composition  ov  Known  Tbsbesiual  Matter. 


Atomic 
number 

and 
element. 

Average  composition. 

Igneous 
rocks. 

Average  composition  of  lithosphere.                         1 

Litho- 

sphere, 

93% 

Hydro- 
sphere, 
7% 

Average 
indua- 

ing 
atmos- 
phere. 

Compound. 

Igneous 
rocks, 
95% 

Shale, 
4% 

Sand- 
stone, 
0.75% 

Lime- 
stone, 
0.35% 

1 

Weighted 
average. 

80 
14  Si 
13  Al 
26  Fe 
ao  Ca 
13  Mg 
IX  Na 
•  X9  K 

X  H 
33  Ti 

6  C 
17  CI 
35  Br 
xs  P 
x6  S 
56  Ba 
35  Mn 
38  Sr 

^S. 
9FI 

etc. 

47.33 

37.74 

7.8s 

4.  SO 

3*47 
3.aj 
a.  46 
a. 46 
o.aa 
0.46 

.06 

.13 
.13 
.08 
.08 
.03 

.XO 
.50 

85.79 

0.05 
0.14 
1. 14 
0.04 
10.67 

0.003 

3.07 

0.008 

.09 

50.03 
35.80 
7.30 
4.18 
3.33 
3.08 
3.36 
3.28 
0.95 

:n 

.20 
.IX 

.11 
.08 
.08 

.OS 

.03 

.xo 

.47 

47.39 

38.03 

7-96 

4- 56 

3-47 
a.  39 

3.50 

o.x6 
.46 
.13 
.063 

.X3 

.X03 

.092 

.078 

.033 

.XO 

.091 

SiOi 

AIjOi 

FeiO, 

FeO 

MgO 

CaO 

NaiO 

KfO 

HfO 

TiO« 

ZrOi 

C0« 

PtOi 

S 

59.83 
14.98 
2.6s 
3.46 
3.81 
4.84 
3.36 
a. 99 

.oa 
.48 
.39 

.XI 

.06 

.10 

.10 

.04 

.10 

.035 

.OS 

.035 

.01 

58.  xo 

15-49 

4.02 

3.45 
a. 44 
3. XX 
1.30 

3.24 
5.00 

.6s 

3.63 
.17 

"64 
.OS 

Tso 

78.33 
4.77 
1.07 

1. 16 
5. 50 

.45 
1. 31 
1.63 

.25 

.07 
.05 

5.19 
0.81 

.54 

7.89 

4a- 57 

.OS 

.33 

•II 
.06 

41.54 

.04 

.09 

OS 

.03 

.OS 

59-77 

14.89 

a. 69 

3.39 

lU 

3.35 
a. 98 
a.oa 

.77 
.oa 

:S 

.xo 

:S? 

.09 
.09 
.04 
.09 
.oas 

.05 
.035 
..01 
.03 

Sd 

CI 

F 

BaO 

SiO 

MnO 

NiO 

CnOa 

ViOi 

LiaO 

c 

AvBKAGS  CoKPOSinoN  OF  Meteokitbs:  The  following  figures  give  in  succession  the  element,  atomic  number 
n)radceted),  and  the  percentage  amount  in  stony  meteorites  (Merrill,  Mem.  Nat.  Acad.  Sc  14,  p.  38,  1916).  The 
*'ijon"  meteorites  contain  a  much  larger  percentage  of  iron  and  nickel,  but  there  is  a  tendency  to  believe  that  wiUi 
such  meteorites  the  composition  is  altoed  oy  the  volatilization  or  burning  up  of  the  other  material  in  passing  through 
the  air.    Note  the  greater  abundance  of  dements  of  even  atomic  number  (97.3  per  cent). 


0     (8) 

^MJ 

Fe  (26) 

33.33 

Si       14) 

18.03 

Mg    (13) 

13.60 

S     (16) 

Ca  (so) 

X.7a 

Al     (13) 
Mn  (35) 

1.53 

Ni     38) 
5     hi 

x.52 

Na  (11) 

1.64 

Cr    34) 

0.33 

0.33 

O.X7 

C     (6) 
H    (i) 
Ru  (44) 

0.15 

Co  (37) 

O.X2 

Ti     (33) 
CI     (17) 
Pt    (78) 

o.xx 

P      «s 

O.II 

0.09 

Cu  (39) 
Pd    46) 

O.OI 

0.09 

y     33) 

Ir     (77) 

tr. 

tr. 

tr. 

tr. 

tr. 
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Table  M5. 

ACCELERATION  OF  GRAVITY. 

For  Sea  Level  and  Different  Altitudea. 


Calculated  from  U.  S.  Coast  and  Geodetic  Survey  formula,  p.  134  of  Special  PubUcation  No. 

g  "  9. 78039  (i  +  0.005394  sin*  0  —  0.000007  sin*  20)  m 
g  "  33.0S783  (x  +  0.005294  sin*^0  —  0.000007  8i]^20)  ft. 


40  of  tl^t  BniCK. 


Latitude 

g 

logf 

ftAcc* 

Latitude 

g 

logx 

1 

g 

4> 

an/sec* 

0 

cm/sec> 

£t./s«* 

o* 

978.039 
.078 

2.9903562 

32.0878 

5o* 

981.071 

3.99x7004 

3a.x873 

5 

.9903735 

.089X 

51 

.159 

.9917394 
.9917784 

.xgo2 

zo 

.195 

.9904254 

.0929 

52 

.247 

-  xosi       ! 

la 

.262 

.9904552 

.0951 

53 

.336 

.99x8x77 

.  X960 

14 

.340 

.9904898 

.0977 

54 

.433 

.9918558 

.1988       < 

'1 

978.384 

2.9905094 

32.0991 

55 

98X.S07 

3.9918934 

33.  20Z6 

x6 

.430 

.9905298 

.1007 

56 

.592 

.9919310 

•  3'Ok44. 

17 

.480 

■9905520 

.  X023 

57 

.675 

■9919677 

.ao7£       ( 

18 

.532 

.9905750 

.1040 

58 

•757 

.9920040 

.209S 

19 

.585 

.9905985 

.1057 

59 

.839 

.9920403 

.2x25 

20 

978  641 

2.9906234 

33.1076 

60 

98X.9X8 

3.9930752 

32-2isr 

•  3Z 

.701 

.9906500 

.1095 

61 

.995 

.992x073 

-ax  76 

22 

•  763 

■9906775 

.ZXI6 

62 

982.070 

.992x424 
.992x756 

.aaox 

23 

.82s 

.9907050 

.1136 

63 

.145 

.2225 

24 

.892 

.9907348 

.1x58 

64 

.218 

.9923079 

.2240        1 

.  % 

978.960 

2.9907649 

33.XZ80 

65 

982.288 

3.9922388 

33.2272       J 

979.030 

.9907960 

.X203 

66 

.356 

.9922689 

.2*95         if 

% 

.xoz 

.9908275 

.X227 

67 

.422 

.9922981 

.2316        1 

.175 

.9908603 

.1251 

68 

.487 

.9923268 

. 2338      1 

29 

.251 

.9908940 

.1276 

69 

.549 

.992354a 

•  2358     J 1 

30 

979- 329 

2 . 9909286 

32.1302 

70 

983.608 

3.9923803 

32.2377 

31 

.407 

.9909632 

.1327 

71 

.665 

.9934055 

.2396 

32 

.487 

.9909987 

.1353 

72 

.730 

.9924298 

.2414 

33 

.569 

.9910350 

.1380 

73 

.772 

.9924528 

.243X 

34 

.652 

.99x0718 

.1407 

74 

.822 

.9924749 

.2448 

35 

979.737 

2.99x1095 

32.1435 

75 

983.868 

2.9934952 

33.2463 

36 

.822 

.9911472 

.X463 

76 

.9x3 

.9925147 

.2477 

37 

.908 

.9911853 

.1491 

77 

954 

.9925332 

.2491 

38 

.995 

.9912238 

.1520 

78 

.992 

.9925500 

-2503 

39 

980.083 

.99x2628 

.1549 

79 

983.027 

.9925655 

.2515     1 

40 

980. I 7X 

2.99x30x8 

32.1578 

80 

983.059 

3.9925796 

32.2525 

41 

.261 

.9913417 

.1607 

8x 

.9925929 

•2535 

42 

.350 

.9913812 

.1636 

82 

!xx5 

.9926043 

.2544 

43 

.440 

.9914210 

.1666 

§3 

.139 

.9926149 

.2552 

44 

.531 

.9914613 

.X696 

84 

.160 

. 9936343 

•2558 

45 

980. 62X 

2. 991 SOI X 

32.1725 

'?! 

983.178 

3.9936331 

32.2564 

46 

.71X 

.9915410 
.9915814 

■  1755 

86 

.19X 

.9926379 

.2569 

1^     ■ 

.802 

.1785 

87 

.303 

.9926432 

•  2572 

.892 

.9916212 

.1814 

88 

.3XX 

.9926467 

■2S7S 

49 

■98r 

.9916606 

.1844 

90 

983.2x7 

,9936494 

.2577 

1 

To  reduce  log  g  (cm.  per  sec.  per  sec.)  to  log  g  (ft.  per  sec.  per  sec.)  add  log  0.03380833  =  8.5x59843  —  xo. 
The  standard  value  ot  gravity,  used  in  barometer  reductions,  etc.,  is  080.665.    It  was  adopted  by  the  Inteinatioiial 
Committee  on  Weights  and  Measures  in  X90X.    It  corresimnds  nearly  to  latitude  45**  and  sea-level. 

Free-aik  CoKxiEcnoN  roK  Altitudk. 

—0.0003086  cm/secVm  when  altitude  b  in  meters. 
—0.000003086  ft/secVft  when  altitude  is  in  feet. 


Altitude. 

Correction. 

Altitude. 

Correction. 

300  m. 

—0.0617  cm/set* 

200  ft. 

—0.000617  ft./se<? 

300 

.0926 

300 

.000926 

400 

.1234 

400 

.001234 

500 

.1543 

500 

■  ooi«43 

600 

.1852 

600 

.001852 

n 

.2x60 

700 

.002x60 

.2469 

800 

.002469 

900 

.2777 

900 

.002777 
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The  following  more  recent  gravity  determinations  (Potsdam  System)  serve  to  show  the  accuracy  which  may  be 
assumed  for  the  values  in  Table  565 ,  except  for  the  three  statbns  in  tiie  Arctic  Ocean.  The  error  in  the  observed  gravity 
is  probably  not  greater  than  0.0x0  cm/sec<,  as  the  observations  were  made  with  the  half-second  invariable  pendulum, 
usmg  moaem  methods. 

In  recent  years  the  Coast  and  Geodetic  Survey  has  corrected  the  computed  value  of  gravity  for  the  effect  of  ma- 
terial above  sea-level,  the  deficiency  of  matter  in  the  oceans,  the  deficiency  of  density  in  the  material  below  sea-levd 
under  the  continents  and  the  excess  of  density  in  the  earth's  crust  under  the  ocean,  in  addition  to  the  reduction  for 
elevation.  Such  corrections  make  the  computed  values  agree  more  closely  with  those  observed.  See  special  publica- 
tion No.  40  of  the  U.  S.  Coast  and  Geodetic  Survey  entitled,  "Investigations  of  Gravity  and  Isostasy,"  by  William 
Bowie,  19x7;  also  Special  Publication  No.  10  of  same  bureau  entitled,  '^ Effect  of  Topography  and  Isostatic  Compen- 
sation upon  the  Intensity  of  Gravity,"  by  J.  F.  Hayford  and  William  Bowie,  xgxa. 


Name. 


Kodaikanal,  India 

Ootacamimd^  India . .' 

Madras,  India 

Jamestown,  St.  Helena 

Cuttack,  India 

Amraoti,  India 

Jubbulpur,  India 

Ga^a,  India 

Siliguxi,  India 

Kuhrja,  India 

Galveston,  Texas 

Rajpur,  India 

Alexandria,  La 

St.  Georges,  Bermuda 

McCormick,  S.  C 

Shamrock ,  Texas 

Cloudland,  Tenn 

Mount  Hamilton,  Cal 

Kala-i-Chumb,  Turkestan 

Denver,  Col 

Hachinohe.  Japan 

Chicago,  111 

Albany,  N.y 

Florence,  Italy 

Minneapolis,  Minn 

Simplon  Hospice,  Switzerland 

Fort  Kent,  Me 

Sandjpoint,  Idaho 

Medicine  Hat,  Canada 

Field,  Canada 

Magleby ,  Denmark 

Copenhagen,  Denmark 

St.  Paul  Island,  Alaska 

Fredericksvam,  Norway 

Christiania,  Norway 

Ashe  Inlet,  Hudson  Strait 

St  Michael,  Alaska 

Hatnarfi'ordJr,  Iceland 

Niantilik,  Ciunberland  Sound 

Glaesibaer,  Iceland 

Sorvagen,  Norway 

Umanak,  Greenhmd 

Danes  Island,  Spitzbergen . . . 

Arctic  S«i 

Arctic  Sea 

Arctic  Sea 


Latitude. 


10"  14' 
XI  35 


13 
-IS 


4 
SS 


20  29 
20  56 
9 
48 
42 


23 

It 

28  14 

29  18 

30  24 

31  X9 

32  2X 

33  SS 

35  13 

36  6 

37  20 

38  27 

39  4X 

40  31 

41  47 

42  39 

43  45 

44  59 

46  IS 

47  15 

48  16 

50  2 

51  24 

54  47 

55  41 
57  7 
59  O 
59  55 

.62  33 

63  28 

64  3 
64  54 
6s  46 
67  54 
70  40 

79  46 

84  12 

84  52 

85  55 


Elevation, 
meters. 


2336 

"'t 

xo 
28 

342 

447 
xio 
1x8 
198 

3 
X012 

24 

2 

163 

708 

1890 

1282 

1345 
1638 

21 
182 
61 
184 
256 
1998 
160 

637 

664 

1239 

14 

14 

XO 

10 

28 

IS 

X 

4 

7 

xo 

19 
xo 

3 
o 
o 
o 


Gravity,  cm/sec? 


Observed. 


977 
977 
978 
978 
978 
978 
978 
978 
978 
979 
979 
979 
979 
979 
979 
979 
979 
979 
979 
979 
980 
980 
980 
980 
980 
980 
980 
980 
980 
980 
98X 
98X 
98X 
981 
981 
982 
982 
982 
982 
982 
982 
982 
983 
983 
983 
983 


645 
735 
279 
7x2 

659 
609 

719 
884 
887 
0S2 
272 
002 

429 
806 
634 
577 
383 
660 
462 
609 

359 

278 

344 
491 
597 
202 

765 
680 

865 

745 
502 

559 
726 

874 
927 
xos 

192 
266 

273 
342 
622 
590 
078 
X09 
174 
1 55 


Reduced  to 
sea-level. 


978 
978 
978 
978 
978 
978 
978 
978 
978 
979 
979 
979 
979 
979 
979 
979 
979 
980 

979 
980 
980 
980 
980 
980 
980 
980 
980 
980 
98X 
981 
981 
981 
981 
981 
98X 
983 
982 
982 
982 
982 
982 
982 
983 
983 
983 
983 


366 

427 
281 

715 
668 

714 
856 
918 
923 
143 
273 
313 

&7 

674 

795 
966 
056 

877 
X14 

365 

334 
363 

S48 
676 
8x9 
814 

877 
070 

X27 

506 

563 
729 
877 
936 

XIO 

X92 
267 

275 

345 
6^8 

593 
079 

109 

174 
155 


Refer- 
ence. 


X 

2 
2 
2 
2 
2 
2 
a 
a 
a 
a 
2 
2 
a 
a 
2 
2 
2 
a 
a 
a 
a 
2 
2 
a 
a 
a 
a 
a 
2 
I 
I 
a 
I 
I 

3 

a 
I 

3 

z 

a 

3 

I 

I 
I 
I 


References:  (i)  Report  x6th  General  Conference  International  Geodetic  Association,  London  and  Cambridge, 
1909,  3d  Vol.  by  Dr.  E.  Borriss.  1911;  (2)  U.  S.  Coast  and  Geodetic  Survey,  Special  Publ.  No.  40;  ♦  (3)  U.  S.  Coast 
and  Geodetic  Survey,  Report  for  1897,  Appendix  6.* 

*  For  references  (2)  and  (3),  values  were  derived  from  comparative  experiments  with  invariable  pendulums,  the 
value  for  Washington  being  taken  as  980.1x2.  For  the  latter.  Appendix  5  of  the  Coast  and  Geodetic  Survey  Report 
for  X901,  and  pages  2^  and  244  of  the  3d  vol.  by  Dr.  E.  Borr&ss  m  xpxx  of  the  Report  of  the  x6th  General  Conference 
of  the  Intern.  Geodetic  Association,  London  and  Cambridge,  1909-  As  a  result  of  the  adjustment  of  the  net  of  gravity 
base  stations  throughout  the  world  by  the  Central  Bureau  of  Uie  Intern.  Geodetic  Association,  the  value  of  the  Wash- 
ington base  station  was  changed  to  980.1x3. 
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Table  MT. 
ACCELERATION  OF  GRAVITY  (a)   IN  THE  UNITED  STATES- 


The  following  table  is  abridged  from  one  for  axo  stations  given  on  pp.  so  to  52,  Special  Publication  No.  40,  U.  S. 
Coast  and  Geodetic  Survey.  The  observed  values  depend  on  relative  determinations  and  on  adopted  value  of  g8o.ixa 
for  Washington  (Coast  and  Geodetic  Survey  Office,  see  footnote,  Table  566).  There  are  also  given  terms  neccssaij 
in  reducing  the  theoretical  value  (Table  565)  to  the  proper  elevation  (free-air)  and  to  allow  for  topography  and  isostatJC 
compensation  by  the  Hayford  method  (see  introductory  note  to  Table  566). 

To  a  cerUin  eztrnt ,  the  greater  the  bulk  of  material  below  any  station,  the  less  its  average  density .  This  pbenameDoa 
is  known  as  isostatic  compensation.  The  depth  below  sea-level  to  which  this  compensation  extends  is  aixrat  96  km. 
Below  this  depth  any  mass  element  is  subject  to  equal  (fluid)  pressure  from  aU  directions. 


Statk>n. 


Key  West,  Fla 

New  Orleans,  La 

Austin,  Tex.  university 

£1  Paso,  Tex 

Yuma,  Ariz. 

Charleston,  S.  C 

Birmingham,  Ala 

Arkansas  City,  Ark 

Atlanta,  Ga.  capitol 

Beaufort,  N.C 

Little  Rock.  Aik 

Memphis,  Tenn 

Charlotte,  N.  C 

Las  V^as,  N.  Mex 

KDQxvOle,  Tenn 

Grand  (^nyon,  Ariz 

Cloudland,  Tenn 

Mount  Hamilton,  Cal.,  Obs'y. 

Richmond,  Va 

San  Francisco,  Cal 

St.  Louis,  Mo.,  university 

Pike's  Peak,  Col 

Colorado  Springs,  Col 

Washington,  D.  C,  Bur.  St'ds. 

Wallace,  Kans ^ 

Green  River,  Utah 

Cincinnati,  Ohio,  obs'y 

Baltimore,  Md.,  university. . . 

Terre  Haute,  Ind 

Denver.  Col.,  university  obs'y. 
Philadelphia,  Pa.,  university. . 

Wheeling,  W.  Va 

Princeton,  N.  J 

Pittoburg,  Pa 

Salt  Lake  City,  Utah 

New  York,  N.  Y.,  university. 

Winnemucca,  Nev 

Qeveland,  Ohio 

Chicago,  ni.,  university 

Worcester,  Mass 

Cambridge,  Mass.  observatory 
Ithaca,  N.  Y.,  university . . . 

Fort  Dodge^  Iowa 

Grand  Rapids,  Mich 

MadiK>n,  Wis.,  university. . . 

Boise,  Idaho 

Mitchell,  S.  Dak.  university. 

Lancaster,  N.  H 

Grand  Cannon,  Wyo 

Minneapolis,  Minn 

Calais,  Me 

Miles  Citv,  Mont 

Seattle,  Wash,  university ... . 
Pembina,  N.  Dak 


Eleva- 

Observed 

Collection.                1 

Latitude. 

Longitude. 

tion, 

g   ^ 

Topograpby 

meters. 

cm/set^ 

Elevation, 
cm/set^ 

aiidooin- 

penaatkm, 

cm/sec* 

1 

24' 33.6' 

8x« 

48.4' 

X 

978.970 

0.000 

+0.03S 

39    57  0 

90 

43 

3 

979 

324 

.-.oox 

+  .0x3 

30    17.^ 

97 

44  3 

189 

979 

383 

—  .058 

—  .001 

31    46.3 

106 

39.0 

1x46 

979 

124 

-.354 

-h.ooi 

3a    43.3 

X14 

37.0 

t 

979 

529 

—  .017 

—  .010 

32    47. a 

79 

56.0 

979 

546 

—  .003 

+  .0x6 

33    30.8 

86 

48.8 

179 

979 

536 

-.055 

-h-oxx 

33    36. S 

2' 

12. 2 

44 

979 

600 

—  .014 

+.005 

33    4S.O 

^ 

23.3 

334 

979 

534 

—  .xoo 

+  .014 

34    43.x 

39  8 

X 

979 

739 

—  .000 

+  .036 

34    -*§  ? 

93 

16.4 

?> 

979 

731 

—  .037 

+.001 

35      8.8 

9? 

50!  8 

80 

979 

740 

—  .035 

+  .003 

35    13.8 

80 

228 

979' 

737 

—  .070 

+  .01S 

35    35  8 

los 

12. X 

Z960 

979. 

304 

-.60s 

+  .0x7 

35    57-7 

83 

ss- 

280 

979- 

7x3 

-.086 

—  .001 

36      5.3 

XX3 

6.8 

849 

979- 

46^ 

—  .363 

-.096 

36      6.2 

83 

38^6 

1800 
1282 

979- 

383 

-.583 

+  130 

37     20.4 

X3I 

979- 

660 

-.396 

+  .X20 

37    33.2 

77 

26.1 

30 

979. 

960 

-.009 

-l-.oio 

38    380 

133 

35-7 

XX4 

X- 

96s 

-.035 

+  .04S 

90 

12.2 

154 

001 

—  .048 

+.001 

38    50.3 

xos 

3.0 

4393 

978. 

954 

-1.335 

+.X87 

38    50.7 

104 

49- 0 

X84X 

979. 

490 

-.568 

-.007 

38    56.3 

77 

4.0 

103 

980. 

095 

—  .032 

-f-.OI3 

38    54-7 

lOI 

35.4 

loos 

979- 

755 

—  .3x0 

.000 

38    59  4 

xxo 

9-9 

1343 

979. 

636 

-.384 

7.043 

39      8.3 

1^ 

35. 3 

345 

004 

—  .076 

-h.003 

39    17  8 

37-3 

30 

980 

097 

-.009 

+.006 

39    38.7 

87 

33.8 

l^^ 

980 

073 

-.047 

-i-.ooi 

39    40.6 

104 

56.9 

1638 

979 

609 

-.505 

-ois 

39    57.x 

?^ 

II. 7 

16 

^ 

178 

-.005 

+.009 

40      4.0 

43.4 

aos 

"^ 

—  .063 

-.003 

40    31. 0 

U 

39*  5 

64 

980 

—  .020 

+  .OI3 

40    27.4 

0.6 

335 

980 

1x8 

-,073 

.000 

40    46.1 

XXI 

53.8 

1323 

979 

803 

-.408 

-.041 

40    48.5 

73 

57-7 

38 

980 

367 

—  .012 

+  .01X 

40    58.4 

X17 

43.8 

131  z 

979 

844 

-.404 

-.004 

4X    30.4 

8x 

36.6 

210 

.241 

-.06s 

.000 

4X    47.4 

87 

36.x 

182 

980 

.378 

—  .056 

+  •007 

43     16. 5 
42     23.8 

71 

^•1 

170 

^ 

Vi 

—  .052 

4-.  018 

7; 

7.8 

14 

*» 

-.004 

+.010 

43     37.1 

76 

39.0 

247 

^ 

.300 

—  .076 

+-00S 

43    30.8 

Vs 

40.8 

340 

980 

.311 

-.xos 

+.oo« 

43    58.0 

336 

980 

.373 

-.073 

+.003 

43      4.6 

89 

24.0 

270 

«?» 

.365 

—  .083 

+  003 

43    37-3 

1x6 

•M 

831 

980 

.2x2 

-.253 

-.043 

43    41.8 

98 

408 

980 

■  375 

—  .126 

-.006 

44     39.5 

71 

34*3 

361 

980 

•^ 

-.081 

+  .007 

44    43  3 
44    58.7 

xxo 

29.7 

2386 

979 

-.736 

+.038 

93 

13-9 

256 

«~ 

597 

-.079 

-.005 

45     11.3 

67 

16.9 

38 

"^ 

.631 

—  .012 

-f-.oio 

46    34.2 

xos 

SO. 

7x8 

980 

539 

—  .223 

—  .020 

47    39  6 

133 

18.3 

S8 

^ 

■  733 

—  .018 

—  .020 

4«    S8.i 

97 

X4.9 

343 

980 

.917 

-075 

-.009 
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TABLE  608.  —  Length  of  Seconds  Pendulum  at  Sea  Level  and  for  Different  Latitudes. 


o 

5 
xo 

IS 
20 

25 

30 

35 
40 

45 


Length 
in  cm 


99.0Q6X 
.1000 
.1119 
.13x0 

.1571 
99.X894 
.2268 
.268X 
.3121 
.3577 


Length 

Log. 

in 

inches. 

1.996056 

39.0x41 

.996074 
.996126 

.0157 

.0204 

.9962x0 

.0279 

.996324 

.0382 

1.996465 

39.0509 

.996629 

.0656 

.996810 

.    .08x9 

.997002 

.0992 

.99720X 

.1x71 

Log. 


1.59x222 

.591239 
.59x292 

.591375 
.59x490 
X. 59163 X 
.59x794 
.591970 
. 592168 

.592367 


50 

55 

60 

65 
70 

li 
85 
90 


Length 
in  cm 


99.4033 
.4475 
.4891 
.5266 

.5590 
99.5854 
.6047 
.6x68 
.6207 


Log. 


X. 997401 
•997594 
.997776 

.997939 
.998081 
X. 998196 
.998280 
.998332 
.998350 


Length 

in 
inches. 


39.1351 
.1525 
.1689 
.1836 
.X964 

39. 2068 
.2144 
.2x91 
.2207 


Log. 


1.592566 
.592760 

.592941 
.59310A 

.593246 
X. 593361 
.593446 
.593498 
.593515 


Calculated  from  Table  56<  by  the  formula  /  »  g/v*.  For  each  xoo  ft.  of  elevation  subtract  0.000953  cm 
or  0.00037  <  in*  or  0.00003x3  ft.  This  table  could  a£o  have  been  computed  by  either  of  the  following  formu- 
lae derived  from  the  gravity  formula  at  the  top  of  Table  565. 

/  "■    o.99096x(x  +  0.00529^ sin*^  ~  0.000007  ain*20)  meters 
/  >■    0.990961  +  0.005246  su^^  —  0.000007  sin*2^  meteiB 
/  >■  39.0x4x35(1  +  0.00529^  siv^  —  0.000007  sin*2^)  inches. 
/  "  39.0x4x35  +  0.306535  sm*0  .-  0.000276  sin*20  mches. 


TABLE  669.  —  Miscellaneous  Geodetic  Data. 


Equatorial  radius 
Polar  semi-diameter 

-6 

—  6378206  meters;              1 

3963 .  225  miles. 
■■  6356584  meteis; 

3949. 790  miles. 

Reciprocal  of  flattening 

a 

-  h'  '^^-^ 

Square  of  eccentricity 

-e* 

a*  —  Ifl 
-  — J—  -  0.006768658 

c\  6378388  i*i  x8  meters; 

S^  3963  ■  339  miles. 

S*  6356909  meters; 

*^  3949.992  miles. 

•g:  297.0*0.5 

«C  0.0067237  ilB  O.0000I3O 


Difference  between  geographical  and  geocentric  latitude  >■  0  —  ^  >■ 

688. 2242'  sin  20  .-  x.  1482'  sin  4^  +  0.0026* sin  60. 

Mean  density  of  the  earth  >■  5.5247  '*'  0.00x3  (Burgess  Phys.  Rev.  1902). 

Continental  surface  density  of  the  earth  —  2 .  67  \  rr-,i,-^- 

Mean  density  outer  ten  miles  of  earth's  crust  =  2. 40  j  """^n*". 


..} 


A.  A.  Michelson,  Astrophysical  Journal,  39, 


Constant  of  gravity,  6.66  X  xo~*  c.g.s.  units. 

Rigidity  »  a  »  8.6  X  xoi^  c.g.s.  units. 

Viscosity  »»  «  ■■  xo.9  X  xo>«  c.g.s.  imits  (comparable  to  steel). ;     p.  X05,  X9X4. 

Moments  of  inertia  of  the  earth;  the  principal  moments  being  taken  as  il,  B,  and  C,  and  C  the  greatest: 

C-A  ^  1 

— 75 —  -  0.0032652X  "  --2 ; 

C  306.259 

C  —  A  ^  0.001064767  Ecfl; 

A  ^  B  =  0.325029  E(fi\ 

C  —  0.326094  iSo*; 

where  E  b  the  mass  of  the  earth  and  a  its  equatorial  semi-diameter. 
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Table  870. 
TERRESTRIAL    MAGNETISM. 


Secular  Change  of  Declination. 

Changes  in  the  magnetic  declination  between  x8io,  the  date  of  the  earliest  avaflable  observatbns,  and  1920.  Based 
on  tables  in  "Dbtribution  of  the  Magnetic  Declination  in  Alaska  and  Adjacent  Regions  in  xoio"  and  "Distribution 
of  the  Magnetic  Declination  in  the  United  States  for  January  i,  1915.-"  published  by  the  United  States  Coast  and 
Geodetic  Survey.    For  a  somewhat  different  set  of  stations,  see  6th  Revisied  Edition  of  the  Smithsonian  Phjrsical  Tables. 


State. 


Ala. 
Alas. 

Ariz. 
Ark. 
Cal. 

Colo. 

Conn. 
Del. 
D.  C. 
FU. 

Ga. 

Haw. 
Idaho 

lU. 

Ind. 
Iowa 

Kans. 

Ky. 


La. 
Me. 


Md. 
Mass. 

Mich. 
Minn. 

Miss. 


Station. 


Ashland 

Tuscaloosa... 

Sitka 

Kodiak 

Unalaska 

St.  Michael. . 
Holbrook.... 

Prescott 

Augusta 

Danville .... 

Bagdad 

Mojave 

Modesto . . . . 

Redding 

Pueblo 

Ouray 

Hartford 

Dover 

Washington. . 

Miami 

Bartow 

Jacksonville. . 
Tallahassee. . 

Millen 

Americus 

Honolulu 

Pocatello 

Boise 

Pierce 

Kankakee . . . 

Rushville 

Indianapolb . 

Walker 

Sac  City 

Emporia .... 
Ness  City.... 
Manchester. . 

Louisville 

Princeton 

Winfield 

Eastport .... 

Bangor 

Portland 

Baltimore 

Boston 

Pittsfield .... 
Marquette. . . 

Lapeer 

Grand  Haven 

St.  Paul 

Marshall .... 

Hibbing 

Bagley 

Meridian 

Vicksburg . . . 


x8io 


6.0E 
7.1  E 


7.7E 


12. 4E 

13. 8e 
15. 6e 


S.iw 
i.6w 
o.SE 
5.8E 

SSE 
5.0E 
5.8E 
4.9E 

59  = 


6.6e 

7.7E 

S.OE 


3.SE 

4.8e 
6.8e 
8.6e 
13.  QW 
xi.8w 
9.3W 
0.9W 
7.3W 
S-7W 


1820 


6.2E 

7.3E 


7-3E 

8.2E 


7.9E 


12. QE 
14. 2E 
16. 1  E 


5  SW 
I.9W 
O.3E 
5-7E 

S.4E 
5.0E 
S.8e 
4.8E 
6.0E 


6.8e 
8.0E 

IE 

9E 
10. 4  E 


I: 


3.6E 

4.9  E 
6.9E 
8.9E 
14. 7W 
12. 4W 
9.9W 
I.IW 


8w 

2W 
7E 

,6e 


S-IE 

II. 6e 

10.  5  E 

7.4E 
8.4E 


1830 


6. IE 
7-3E 


8.0 
9.3 
13.1 
13.4 
14.7 
16. 6e 


6.IW 
2.3W 
0.0 
S.3E 

S.2E 
4.9E 

S.7E 
4.6E 

5  9E 


6.8e 

8. IE 

5.0E 

9.  IE 

10.7  E 


3.4E 
4.8E 
6.9E 

OE 

5W 

2W 

6w 


9 
IS 

13 

10 


I.4W 
8.4W 
6.7W 
6.7E 
2.4E 

S.OE 

II. 8e 

10.7  E 

13. OE 

7SE 

8.SE 


1840 


S-9E 
7.2E 


1850 


8. 
9 

13 
13 

IS- 

17 


OE 
3E 
5E 

8e 

IE 

OE 


6.8w 

2.8W 

0.5W 
4.9E 
4.8E 
4.6E 

S-5^ 
4-3E 

S-6e 


20.2  e 
6.6e 

8.0E 

4.7E 

9. IE 
10. 8  E 


3. IE 

4.6E 

6.8e 

9.0E 

16. 3W 

13. 9W 

II.  aw 

.9W 

iw 

4W 

SE 
I  E 

8e 
9E 
7E 


I 
9 

7 
6 

2 
4 

XI 

II 


10. 8e 


13 

7 
8, 


IE 
4E 
4E 


6e 

9E 


13 
13 

7 
9 

13 

14. 

IS 

17 

13 

15 

7- 

3 

I. 

4- 
4- 
4- 
5- 
3 
S 
9 

17- 

18. 

20. 
6. 
7- 
4 
8. 

10. 

II. 

12. 
2. 

i: 

8. 
17. 
14- 
II. 

2. 

9- 
8. 
6. 

X. 

4- 
II. 
II. 
10. 
13- 

7. 

8. 


SE 
3E 
8e 

2E 

9E 
2E 
SE 
4E 
7E 
OE 

SW 

4W 

ow 

4E 
4E 
2E 
2E 
9E 
2E 
4E 
7E 
OE 

6e 

3E 

8e 

3E 
9E 

8e 

SE 
E 
E 
3E 
SE 
9E 
2W 
7W 

9W 
w 
w 

IW 

X  E 

6e 

4E 
7E 
6e 
6e 

I  E 

2E 
2E 


t 


i 


i860 


1870 


S.2E 

6.6e 
28. 7  E 
26.2  E 
20. 4  E 


13. 
13. 

7. 

9. 
14. 
14. 

IS- 

17 
13. 

IS. 
8. 

4- 
I. 

3. 

3- 

3 

4- 

3 

4. 

9 

17- 
18. 

21. 
S- 

7- 

3 

8. 
10. 
II. 
12. 

2. 

3. 

6. 

8. 

18. 

IS- 
12. 

3. 

10. 

8. 

S. 

X. 

3- 
II. 

IX. 

10. 

12. 

6. 

8 


7E 
6e 

SE 

OE 
I  E 
4E 

8e 
8e 
8e 

2E 
IW 

ow 
7W 
9E 
8e 
6e 
8e 
4E 
7E 
4E 
9E 

SE 
OE 

8e 

4E 

8e 
6e 

SE 

4E 
4E 
2E 

8e 

OE 

6e 
ow 

4W 

6w 
xw 
SW 

7W 

SE 
OE 

8e 
4E 
4E 
3E 
8e 

9E 

0£ 


i 

29 

as 
20 


7E 
IE 
OE 

7E 

X  E 


13 

13 

7 
8 

14 

\t 

18 
13 

IS 
8 

4 

2 

3 
3 
3 
4 
2 

4 
9 

18 
18 

21 

s 

7 

3 

8 

10 

II 

12 

I 

3 

S 

8 

18 

IS 

13 

3 

II 

9 

4 
o 

3 

10 
II. 

9 
2 

6 

7 


Se 
7E 
IE 

.6e 

3E 

,6e 

I  E 

I  E 

7E 

.2E 

,  7W 

,  7W 

,4W 

3E 

,2E 
OE 
2E 
7E 
I  E 
SE 
OE 

8e 

,2E 

3E 

OE 

3E 

.2E 

.2E 

.2E 

.2E 

,6e 

,2E 
SE 
2E 
SW 

,9W 
IW 

8w 

OW 

3W 
7E 
3E 
IE 

9E 

OE 

7E 

3E 
SE 

6e 


1880 


4 

s- 
29. 

as- 

19. 

24. 

13 

13- 

6. 

8. 

14 
14. 
16. 
18. 
13. 
IS- 
9. 

s. 

3- 
2. 
2. 

2. 

3- 

2. 

3 

9. 
17- 
18. 
21. 

i: 

2. 

7- 

9 

10. 
II. 

I. 

2. 

4- 

7- 
18. 
16. 
13. 

4- 
II. 
10. 

3- 
o. 
3. 

10. 

10. 

9- 
II. 

S. 
7. 


IE 
SE 
3E 
2E 

6e 

7E 

6e 
7E 

SE 
IE 
4E 
9E 
IE 
2E 
SE 
OE 

4W 
3W 
ow 
7E 
6e 

4E 

6e 

I  E 


1890 


1^ 
I? 

I  E 

8e 

4E 
7E 
SE 

6e 
8e 
9E 

OE 
SE 

8e 
6e 
8w 
4W 
6w, 
4W 
SW 
ow 
8e 
SW 

4E 

3E 
SE 
OE 

7E 
9E 
IE 


3 

4 

29 

24 
19 
23 
13 
13 

S 

7 
14 
14 
16 
18 
13 
14 

9 

S- 
•3- 

2. 

2. 

I. 

3 
I. 
2. 
10. 

17- 

18. 

21. 

4- 

s. 

2. 

6. 

8. 
10. 
II. 

o. 

I. 

4. 

7. 
19. 
16. 
14. 

s. 

12. 
10. 

3. 
I. 

X. 

9. 

t. 

II. 

I: 


4E 

8e 

SE 

8e 

OE 
IE 

4E 

6e 
9E 
6e 
4E 
9E 
2E 
3E 
OE 

6e 
8w 
9W 
.6w 

,2E 
IE 

8e 

OE 
SE 
9E 
IE  10 

8e 


1900 


29 
24 
18 
22 
13 
13 


14 

\l 

18 
12 

14 
10 


6e 

2E 

IE 
7E 
IE 

8e 
8e 
aE 
3E 
3E 
9E 
2E 
IE 
OW 
7W 
IW 
OW 

ow 
4W 
OE 
2W 

6e 

E 
E 
2E 
OE 
2E 
4E 


I 


21 

3 

S 

I 
6 
8 

9 

II 

o 

I 

3 
6 

19 

17 

14 

S 

12 

II 

2 

I 

X 

8 

9 

7 

10 

4 
6 


OS 
4E 
7E 
SE 
3E 
IE 
5E 
7E 
SE 
2E 

6e|i5 

IE 

6e 

7E 


8e 
6e 
4W 
SW 

2W 

7E 
6e 
3E 
SE 
9E 
4E 
4E 
9E 
8e 
4E 
SE 
2E 
SE 
2E 
4E 
9E 
2E 
3W 
5E 
9E 
8e 
3W 

IW 

SW 
6w 
6w 
ow 

4E 

8w 

IE 
9E 
3E 

6e 
4E 
8e 

OE 


I9I0 


3 
4 

30 
24 
17 

21 

14 
14 


IS 

17 
19 
13 

IS 

XI 

7 

4 

I 
I 
I 

2 
O 
2 

10 

18 
19 

22 
3 

s 

X 

6 

8 

10 

II 

o 

I 

3 

7 

20 

17 

15 

6 

13 
II 

3 
3 
o 
8 
9 
7 
xo 

4 
6 


EZ 


9E 
4E 
2E 
3E 

s 

s 

X] 

t] 

4E 

il 

3E 
4E 
3E 

IE 
2W 
3W 

9W 
SE 
4E 
IE 

4* 
7E 
2E 

7 
SE 

5E 

OE 
3E 
I  E 
IE 
2E 

6e 

IE 

6w 
3E 
7E 
OE 
OW 

8w 
3W 
3W 
4W 
8w 

IE 

3W 

E 
E 

4X 

7E 

6e 

9E 
X  E 


I 


1920 


3 

4 
30 

24 
17 
21 

14 
14 

s 

7 

II 

17 
X9 
13 
IS 
12 

8 

5 

I 
I 
o 

3 

O 

3 
I 
18 

19 
33 

3 

5 
o 
6 
8 
10 

IX 

o 

z 

3 

7 

21 

x8 

16 

7 

14 
3 

I 
3 
o 
8 
9 
7 
10 

S 
6 


OB 

.6e 
.4E 

.2K 

.2E 
OE 
SE 

,8e 

7E 
7E 
3E 
7E 

7E 
7E 
SE 
IW 
OW 

.6w 

SK 

3K 
9E 

,4E 

SK 

.2B 
IK 

,8e 
8b 

.2E 

.IE 

IB 

.9E 

.2E 

.6B 

3B 

7B 

8w 

2K 

SB 

.4B 

OW 

8w 
.3W 

OW 
4W 
7W 
7B 
,8w 
3B 
7E 

4K 
SB 
SE 

I  E 

.4  E 
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SUte. 


Mo. 
Mont. 

Nebr. 

Nev. 

N.H. 

N.J. 

N.M. 

N.  Y 

N.C. 

N.D. 

Ohio 
OkU. 
On. 
Pa. 

P.R. 
R.I. 
S.  C. 

S.  D. 

Tenn. 

Tex. 

Wash. 

W.Va. 
Wis. 

Utah 

Vt 

Va. 

Wyo. 


Station. 


Hciiuann 

Sedalia 

Mfles  City. . . . 
Lewistown. . . . 

Ovando 

Albion 

Valentine 

Alliance 

Elko 

Hawthorne . . . 

Hanover 

Trenton 

Santa  Rosa. . . 

Laguna 

Albany 

E^ira 

Buffalo 

Newbcm 

Greensboro . . . 

A^eville 

Jamestown 

Bisnuurck 

Dickinson .... 

Canton 

Urbana 

Okmulgee .... 

Enid 

Sumpter 

Detroit 

Wilkes-Barre. . 
Lockhaven.. . . 

Indiana 

San  Juan 

Newport 

Manon 

Aiken 

Huron 

Murdo 

Rapid  City . . . 

KncHcville 

Shelbyville 

Huntingdon. . . 

Houston 

San  Antonio . . 

Pecos 

Wytheville.. . . 
WOflon  Creek.. 

Seattle 

Sutton 

Shawamo 

Floydada. 

Manti 

Rutland 

Richmond 

L3mchburg — 

Stanley 

Douglas 

Green  River . . 


x8io 


7.1W 
2.8w 


S-7W 

2.2W 
I.OW 

I.7E 
4.2E 


2.3E 
4.41: 


16.  7  E 
2.3W 
I.4W 

o.6e 


6.6w 

3.4E 
4-8e 


3.8E 
6.4E 

7.3E 


2.9E 

XS.QE 
I.9E 


6.6w 
o.8e 
i.6e 


1820 


9.2  E 
9.9E 


12. 4E 


7.SW 
3.1W 


SOW 

2.4W 

I.XW 

i.6e 
3.4E 

4.3E 


2.2E 

4.4E 


17. 4E 
2.SW 
I.5W 
O.5E 


7.IW 

3-3E 
4.7E 


3.8E 
6.5E 

7.4E 
9.0E 


2.9E 


7.4E 


7.1W 
o.6e 
x.SE 
8.9E 


X830 


9-3E 
XO.OE 


12. 7E 


8.2W 
3.SW 

6.4W 

2.8W 
X.4W 
X.3E 

3.XE 
4.0E 

14. OE 


2.0E 
4.3  B 


18. OE 
2.9W 
X.9W 
O.3E 


7.7W 
3.OE 

4SE 


3.6e 
6.4E 
7.4E 
9.2E 

9.S» 
10.7  E 

2.7E 
20.  XE 

x.6e 

7.4E 


7.6W 
0.3E 
I.3E 
9.0E 


X84O 


9.2E 
10. OE 

19.  S« 
30. 4  E 
12. 9E 


8.9W 
4.IW 


7.OW 
3.3W 
X.9W 

o.8e 
2.7E 
3.6E 

14.  2  E 


1-7 
4.0E 


18. 6e 
3.4W 
2.4W 
o.xw 


8.4W 
3.6e 

4.3E 
13.  2  E 


3.3E 
6.2E 

7.3E 
9.4E 
9.7E 
XI. OE 
2.4E 

20.  7  E 
X.2E 
7.3E 


8.3W 
O.XW 
O.9E 
9.OE 


1850 


9.OE 

9.9E 

X7.6E 

19. 8e 

20.8  E 
12. 9E 
X4.XE 
IS.4E 

17. 3E 

X6.2E 

9.7W 

4.7W 
7E 
4E 

8w 
ow 

4W 

3E 

2.2E 

3.XE 

X4.2E 

16. 4E 

17. 7E 

X.2E 

3.SE 

10.  2  E 

IX. 2E 

19. 3E 

19.  2  E 

4.OW 

3.OW 

0.7W 


12. 
13 
7. 

4- 
2. 
o. 


9.XW 

2.XE 

3.7E 

13. 2E 

15. OE 

16. 4E 

2.9E 

S-OE 

7.OE 

9.4E 

9.8E 

II. XE 

2.0E 

2X.2E 

31. 2E 

o.8e 

7.OE 
IX. 2E 
16. 4E 

9.XW 

o.6w 

O.5E 

8.8e 
XS.8E 
x6.8£ 


i860 


8.7E 

9.0E 

17. 8e 

20.x  E 
21.  X  E 
12. 8e 
X4.XE 
IS.4E 

17. 6e 
16. 6e 
10.  sw 
S.4W 
13. 8e 
1.^.6  E 

8.SW 
8w 

2W 
3W 

6e 
6e 


4- 
3. 
o. 
I. 

2. 


14. OE 
16. 3E 

17. 7E 

o.6e 
30E 

10. 1  E 
IX.  3  E 
19. 7  E 
19. 7E 

4.7W 
3.6W 
X.3W 


9.8W 

x.6e 

3.XE 
13. OE 
14. 9E 

16. 4E 

2.4E 
SSE 
6.6e 
9.3E 
9.7E 

XX. X  E 

X.^E 

21. OE 

31. 6e 

0.2E 

6.SE 

IX. 3E 

16. 7  E 

9.8W 

r.3W 
O.xw 
8.4E 

16. OE 
17. OE 


1870 


8.3E 
9.3E 
17. 7E 
30.  XE 
21. 2E 
12. 5K 
X3.9E 
15. 3E 
X7.7E 

16. 8e 

XX.  XW 


6. 

12. 

13. 

9- 


OW 

7E 

6e 

2W 

S.4W 

3.8w 

I.OW 

I.OE 

2.0E 

13   7  E 

16. 1  E 

17. SE 

0.0 

2.4E 

9.8E 

XI. OE 

30.0E 

30.XE 

S.3W 

4.3W 

2.0W 


10. 3W 
0.9E 


2 
12 

14 
16 

I 


t: 


SE 
7E 
7E 
3E 
8e 

.9E 
IE 

8.9E 
9.SE 

IX. ot 
o.8e 

21. 8e 

32. OE 
O.4W 

S.9E 

II. 2E 

16. 8e 

10.  JW 

x.8w 

0.7W 

7.8E 

16. OE 
17. OE 


1880 


7 
8 

17 
19 

21 
12 
X3 
14 

X7 


7E 
7E 
4E 
9E 

XE 
OE 

il 

7E 


17. OE 

II.  6w 
6.7W 

12. 4E 

13. 4E 

10.  OW 

6.3W 

4-7W 
1.7W 
0.3  E 
I.3E 
I3-2E 

15. 6e 

17. IE 
O.7W 

x.8e 

9.SE 

10. 6  E 

20.3  E 

20. 3  E 

6.0W 

S.ow 

2.6w 


I: 


xo.8w 
0.3E 
X.9E 

13. 3E 

14. 3E 
IS.8E 

LIE 

4-3E 
5E 
4E 

9.3E 

10. 8e 

O.XE 

31. 9E 

22. 2E 

X.IW 

5.OE 

10. 9  E 

16.  7  E 

II.  3W 

2.SW 

I.4W 

7.XE 

15. 8E 

16. 8e 


1890 


I. 


OE 
OE 
16. OE 
19. OE 
20.9  E 
XX. 4E 
13. 8e 
M-3E 
17. 6e 

17. OE 

12.  OW 

7.2W 

12. OE 


13 
10 

7 
5 
2 
o 
o 
12 


OE 
3W 
OW 
4W 
3W 
3W 
7E 
SE 


IS-OE 

16. SE 

X.3W 


X 

9 

10 

20 

20 

6 

5 

3 


IE 
IE 
3E 
3E 

SE 

6w 
6w 
3W 


II. 3W 

0.4W 

X.3E 

II. 7E 

13. 7E 

.3E 

SE 

7E 
9E 
9E 


IS 
o 

3 
4 
7 


8.7E 
10. 4  E 

0.5W 

33.1  E 
33. 4E 

i.8w 

4.3E 
XO.4E 

x6.i.E 

IX.  OW 

3.1W 

2.0W 

6.3E 

1S.3E 

16. SE 


1900 


,1 

19 

21 
XX 
12 


i 


E 

E 
9E 

6e 

IE 
OE 

6e 

14.  3  E 

17. 8e 

17-3E 
12. 6w 
7.8W 
IX. 9E 
13. OE 
10. 9W 


7 
S 

2 
o 

O 
12 


I. 

o. 


20 
20 

I 

3 

X 

II 

I 


SW 
9W 
9W 
8w 

2E 
3E 
7E 
3E 
9W 
SE 

8.2E 
9.8E 
.4E 
.8e 

.2W 

.3W 
.9W 

.OW 

.9W 

.OW 

0.7E 

II. 2E 

13. 4E 

IS.XE 

0.0 

3.2E 

4.4E 

7E 

.7E 

10. 3E 

I.IW 

22. 4E 

33. 8e 

2.4W 

3.7E 

10.3  E 

16. SE 

12. IW 

3.7W 

2.6w 

5.8E 

iS.aE 

10. 6e 


I: 


X910 


6.5E 
7.8E 


.3E 
.IE 


14.  s 
18.4 


17 

20 
31. 6e 
II. aE 
12. 8e 
SE 

,E 
18. OE 
15.  2W 

8.6w 

12. SE 

13. 6e 
6w 

2W 

5W 
4W 
3W 
2W 
4E 


II 

8 
6 
3 

X 

O 

12 


15 -OS 

16. 7  E 

a.sw 

O.XE 

8.9E 

10.  XE 

21.  XE 

31. 6e 

8.0W 

7.0W 

4 


3 
12 

X 

o 


6w 

.ow 

,7W 

,4W 

,4£ 

II. SE 

13. 7E 

IS.4E 

0.3W 

3.0E 

4-3E 

8. IE 

9.2E 

10.8  E 

i.SW 

23. OE 

SE 

9W 

4E 
7E 

IE 


23 

3 

3 
10 

X7 


13. 8w 
4.3W 

3.IW 
S.6e 

IS.7E 

17.  3  E 


1930 


6 

8 

17 

20. 

22. 
IX, 

13 
14 
18 
18 
14 

9 

12, 

14 

12, 

9 

7 

4 

I, 

o. 

12, 

IS 

16, 

3 
o. 

9 

10. 
21. 

31. 

8. 
7 

s. 

3- 
13 

X. 

o. 
II. 
X3 
IS 

o 

3, 

4 
8 

9 
II, 

I, 
23 
23 

3 

3 

IX, 

17 

13 

4 

3 

S 

16 

17 


6e 

OE 

6e 
4E 

OE 

SE 
IE 

8e 

9E 
4E 
3W 
4W 

9« 
IE 

SW 
OW 
3W 
OW 
8W 
SW 
SE 
2E 

9« 
IW 
3W 
2E 
SE 
4E 
E 
iW 
7W 
2W 
4W 
7W 

8W 

XE 
7E 
9E 
7E 
SW 
9E 
4E 

6e 

7E 
3E 
9W 
3E 

8e 

4W 
IE 
IE 
SE 

8w 

9W 

7W 
4E 
OE 

SE 


l 


Smithsonian  Tables. 


430 


Tables  m-CTl. 

TERRESTRIAL  MAGNETISM  {contiMisi). 

TABLB  571.  — Dip  or  Indiimtion. 


This  table  gives  for  the  epoch  January  x ,  1015,  the  values  of  the  magiketic  dip,  /,  oorrespooding  to  the 
west  of  Greenwich  in  the  heading  and  the  north  latitudes  in  the  first  column. 


X 

e 

o 

0 

0 

0 

o 

0 

• 

• 

e 

e 

e 

1 
0 

4> 

65 

70 

75 

80 

85 

90 

95 

zoo 

los 

zxo 

"5 

Z20 

125 

1 

e 

e 

0 

• 

• 

• 

e 

• 

o 

• 

o 

o 

0 

19 

2X 

a3 

25 
27 





SO.  4 
52.7 

5S.I 
59.8 

49.4 

SI. 9 

50.8 
59.3 

48.5 
51. X 

53-7 
56.  z 

58.3 

47.2 

50.x 
52.8 

55.2 
57. 6 

46.  Z 

48.9 

SI. 7 
54. 2 
56.6 

45.1 
47.9 
50.4 
53- 1 
55.6 

46.9 

49.7 
52.2 

54.6 

48^7 

5X.2 

53.6- 

50.x 

52.4 

— 

— 

29 

33 

3S 
37 



6^76 

65.4 
67.2 
69.1 

6X.9 
63.8 
65.6 

67.3 
69.2 

61.3 
63.4 
65.3 
67.2 
69.0 

^•5 
62.8 

64.7 

66.6 
68.9 

59.7 
6a. 0 

68.1 

58.9 
6x.x 
63.x 
65.3 
67.3 

57. 9 
60.  X 
62.4 

56.8 
59. 0 
6x.2 
63.2 
65.2 

5|.8 

60.2 
62.2 
64.2 

54.6 

570 

59- 1 
6z.o 
63. z 

53.8 

55. 8 
62.  z 

— 

39 
41 
43 

45 
47 

74-3 
75.6 

70.6 
72.3 
73.6 
74.9 
76.3 

70.8 

72.3 
74-0 

70.6 

72.5 
74.1 

75. 5 
76.9 

70.6 
72.2 
74.0 

75. S 
76.9 

70.0 
71.7 
73.5 

75.2 
77.0 

69.2 
7X.O 
72.6 

76.1 

68.3 

70.  z 
7X.8 
73.5 
75.1 

673 
69.0 
70.  f 
72.4 
74.2 

66.3 
68.0 
69.7 
71.3 
72.9 

'6^1 

68.4 
70.2 

71.7 

63- 9 
§55 

69.0 
70.  s 

64.3 

69  5 

49 

76:5 

77.4 

7«.» 

78.5 

78.5 

78.3 

77.7 

76.7 

75.7 

74. 5 

73.2 

72.1 

71.2  j 

TABLB  671.  —  Sectilar  Chance  of  Dip. 

Values  of  the  magnetic  dip  for  places  designated  by  the  north  latitudes  and  lonntudes  west  of  Greenwich  m  the 
first  two  columns  forjanuary  z  of  the  years  in  the  heading.  The  degrees  are  given  in  the  third  ooluxnn  and  the  miraitfa 
in  the  suceeding  columns. 


Latitude. 

Long- 
itude. 

1855 

z86o 

Z865 

Z870 

1875 

«88o 

Z885 

1890 

189s 

Z900 

1905 

19x0 

1915 

0 

e 

e 

f 

/ 

/ 

/ 

f 

/ 

f 

e 

t 

f 

/ 

« 

25 

80 

55+ 

32 

32 

31 

29 

26 

23 

z8 

z8 

22 

31 

43 

f^ 

108 

25 

ZIO 

«l 

14 

36 

36 

45 

52 

6x 

67 

74 

82 

92 

Z02 

zz6 

132 

30 

83 

66 

70 

73 

74 

73 

67 

57 

51 

Vs 

63 

1? 

zox 

126 

30 

ZOO 

57+ 

41 

46 

55 

64 

67 

62 

57 

58 

It 

'U 

ISO 

30 

XZ5 

54+ 

47 

S6 

63 

6S 

64 

66 

69 

73 

79 

flo 

102 

35 

80 

66+ 

67 

68 

67 

% 

55 

45 

^S 

31 

30 

3a 

40 

55 

13 

35 

90 

6s-- 

67 

6z 

53 

39 

34 

28 

27 

27 

29 

38 

^ 

66 

35 
35 

Z05 

Z20 

62+ 
59+ 

56 

59 

6x 

47 
6z 

;k 

39 
59 

1? 

S 

n 

n 

fi 

72 
66 

40 

75 

71  + 

82 

82 

78 

73 

65 

55 

43 

33 

27 

u 

u 

ao 

36 

40 

90 

7oH 

h 

• 

30 

31 

34 

37 

36 

32 

29 

26 

25 

26 

iK 

g 

4S 

40 

Z05 

67- 

- 

— 

— 

— 

56 

S3 

51 

51 

51 

^2 

56 

66 

40 

Z30 

64- 

- 

— 

— 

— 

51 

P 

54 

57 

sS 

S8 

54 

5? 

45 

42 

45 

6S 

74- 

- 

zz8 

ZZ2 

zp3 

?J 

82 

70 

59 

48 

37 

30 

26 

32 

x8 

45 

75 

7SH 

h 

91 

87 

83 

73 

6z 

50 

41 

31 

26 

24 

«4 

24 

45 

90 

74+ 

86 

86 

86 

84 

82 

80 

li 

68 

66 

'A 

65 

68 

72 

45 

Z05 

72  + 

— 

— 

— 

— 

-^ 

30 

27 

26 

25 

35 

44 

45 
49 

Z22.5 
92 

68+ 
77+ 

45 
80 

44 
79 

ti 

76 

50 

74 

49 
74 

fi 

n 

S 

37 
63 

s 

si 

ax 
60 

49 

X20 

72+ 

27 

as 

24 

23 

22 

2Z 

20 

20 

19 

17 

12 

06 

■^■^^ 

i^^" 

■^■" 

■■^" 

^^^ 

^^^ 

■■HM 

^^^■l 
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Tables  07S-S74. 
TERRESTRIAL   MAGNETISM  (catUinmed), 

TABLE  573.— Horizontal  Intensity. 
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This  table  i|ives  for  the  epoch  January  x,  xgxs,  the  horizontal  intensity,  H,  expressed  in  cgs  iinits,  corresponding  to 
the  longitudes  in  the  heading  and  the  latitudes  in  the  first  column. 


X 

0 

6S' 

70« 

75* 

8o« 

is'- 

90- 

95' 

ioo« 

105" 

iio« 

IIS- 

X20'' 

125" 

• 

19 

.207 

-303 

•.311 

.316 

.321 

1 

•  325 

.325 

21 

— 

— 

.290 

.296 

.303 

.310 

.315 

.330 

.330 

— 

— 

— 

— 

23 

— 

— 

.283 

.288 

.294 

.301 

.307 

.311 

.3x1 

.311 

— 

— 

— 

as 

— 

— 

.273 

.281 

.286 

.292 

.298 

.302 

.303 

•303 

.304 

— 

— 

27 

' 

~~ 

.264 

.271 

.276 

.281 

.288 

.292 

•  295 

.396 

.297 

^— 

^.^ 

29 

— 

.^ 

.253 

.258 

.265 

.272 

.277 

.283 

.386 

.287 

.288 

.288 

— . 

31 

— 

.237 

.242 

.247 

.254 

.260 

.266 

.273 

.376 

.279 

.280 

.280 

— 

33 

— 

.225 

.330 

.236 

.242 

.248 

.255 

.259 

.364 

.370 

.271 

.272 

— 

35 

— 

.213 

.217 

.223 

.232 

.235 

.241 

.249 

.351 

.356 

.360 

.263 

■ 

37 

""^" 

.202 

.205 

.210 

.213 

.332 

.227 

•  234 

.340 

•  244 

.350 

.253 

-~ 

39 

■  — 

.19X 

.193 

.196 

.200 

.206 

.2x2 

.318 

.336 

.333 

•  237 

.242 

•  245 

41 

— 

.178 

.178 

.182 

.185 

.191 

.197 
.182 

.304 

.3X3 

.318 

.330 

.333 

.236 

43 

— 

.166 

.166 

.165 

.171 

.174 

.189 

.198 

.307 

.2X4 

.331 

.337 

45 

.159 

•  154 

.153 

.153 

•  155 

.160 

.167 

.174 

.X85 

.193 

.302 

.3IO 

.3X0 

47 

.X46 

.143 

.139 

.139 

.141 

.142 

.150 

.159 

.168 

.180 

•187 

.195 

.303 

40 

.135 

.130 

.126 

.123 

.123 

.129 

.136 

.144 

.153 

.164 

.174 

.X83 

.X89 

^■■■^ 

^^^■■B 

^^§^■■1 

laiHi^BHi 
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TABLE  674.  — Secular  Change  of  Horizontal  Intensity. 

Values  of  horizontal  mtensity,  F,  in  cgs  units  for  the  places  designated  by  the  Utitude  and  longitude  in  the  first 
>  colunuis  for  January  1  of  the  years  in  the  heading. 


Ut. 

Long. 

i860 

1865 

1870 

1875 

1880 

1885 

1890 

1895 

X9OO 

1905 

19x0 

1915 

e 
25 

• 
80 

.3086 

.3073 

.3057 

.3043 

.3025 

.3008 

.2990 

.3970 

.2949 

■.^ 

.2870 

.2810 

25 

1x0 

.33x6 

.3303 

.3187 

.3168 

.3153 

•  314X 

.3128 

.3115 

.3102 

.3063 

•  3030 

30 

83 

.3775 

.3768 

.2760 

.3753 

.2743 

.3732 

.2730 
.2894 

.3705 

.3686 

.3658 

.26x4 

.2560 

30 

loo 

— 

.3978 
.3981 

.2959 

.3941 

.2924 

.3908 

.3883 

.3867 

.2847 
.3880 

.28x7 

.2780 

30 

115 

.2996 

.2966 

•  2949 

.2934 

.2922 

.2910 

.2899 

.3890 

.2863 

.3840 

35 

80 

.2367 

.3363 

.2357 

.2355 

•2351 

.2347 

.3340 

.3335 

.2335 

.3306 

.2272 

.2230 

35 

90 

— 

— 

.^460 

.3460 

.2459 
.2607 

.2456 

.2453 

.3445 

.2435 

.34x8 

.2387 

.2350 

35 

IDS 

— 

—^ 

— 

.3619 

.2598 

.2589 

.3583 
.3070 

.3572 

.3559 

•  2537 

.35x0 

35 

I90 

— 

— 

.2727 

.37x4 

.2702 

.2690 

.3679 

.2663 

.2657 

.2645 

.3630 

40 

75 

.1876 

.1884 

.1895 

.1904 

.1912 

.19x8 

.1933 

.1924 

.1921 

.I9IX 

.1889 

.i860 

40 

90 

.9080 

.3076 

.2073 

.2070 

.2069 

.2068 

.3066 

.3062 

.2054' 

.2043 

.3019 

.1990 

40 

105 

— 

— 

.3369 

.3363 

.2258 

.2254 
.2416 

.3350 

.2245 

.2237 

.2227 

.2210 

.3x90 

AO 

lao 

"■" 

— 

•2439 

.3430 

.3433 

.3409 

.3403 

.3396 

.2390 

.2381 

.2370 

45 

65 

.1504 

.1515 

.1527 

.1543 

.1557 

.1568 

.1579 

.1590 

.1598 

.1600 

.1596 

.1590 

45 

75 

.1487 

.1490 

.1497 

.1508 

.1518 

.1529 

.1540 

.1548 

.155a 

.1552 

.1543 

•  1530 

45 

90 

.1648 

.1646 

.1644 

.1641 

.1639 

.1637 

.1636 

•]Ul 

.1636 

.1633 

.1620 

.1600 

45 

105 

— 

— 

.1895 

.1894 

.1893 
.3148 

.1891 

.1888 

.1881 

.1875 
.2128 

.1864 

.1850 

45 

133.5 

.3x83 

.2175 

.3x66 

.2x58 

.2140 

.2134 

.3x30 

.3X38 

.2125 

-.3130 

49 

92 

.1336 

.1334 
.1845 

.1330 

.1327 

.1325 

.1324 

.1324 

.1327 

.1330 

.im6 

.X330 
.1823 

.1330 

49 

130 

.1846 

.1844 

.1841 

.1836 

.1831 

.1836 

.1824 

.1835 

.7825 

.1830 
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Tables  Vn-VfB. 
TERRESTRIAL  MAGNETISM  {continued). 


TABLE  676.  — Total  Intensity. 

This  table  gives  for  the  epoch  Taauary  z,  19x5,  the  values  of  the  total  intensity,  F,  expressed  m  cgs  units  oorxe- 
sponding  to  the  longitudes  in  the  heading  and  the  latitudes  in  the  first  column. 


X 

0 

65* 

7o- 

75* 

8o« 

85* 

9o' 

95- • 

ICO* 

I05' 

no* 

xxs* 

I20* 

X25* 

« 

19 

.466 

.466 

.469 

.465 

.463 

.46X 

.453 

21 

— 

— 

.478 

.480 

.482 

.483 

.479 

•42Z 

.468 

— 

— 

— 

— 

23 

— 

— 

•495 

•  492 

.497 

.498 

.495 

.488 

.481 

•^v- 

— 

— 

— 

25 

^— 

— 

.509 

.513 

.513 

.5x2 

.5x0 

.503 

.494 

.484 

.474 

— 

— 

27 

" 

•~~ 

.525 

.531 

.525 

•  524 

.523 

.5x7 

.509 

•499 

.487 

^— 

— 

29 

— 

—— 

.537 

.537 

.538 

.539 

.536 

.533 

.522 

•  Sxx 

•497 

.488 

__ 

31 

— 

.533 

.548 

.552 

.556 

.554 

.550 

.546 

.536 

.528 

•  5x4 

.498 

— 

33 

— 

.540 

.557 

.565 

.566 

.566 

.564 

.559 

.548 

.543 

.528 

.5x3 

— 

35 

— 

.550 

.56a 

% 

.584 

.580 

•577 

.574 

.557 

.549 
.50X 

.536 

.528 

— 

37 

^■" 

.566 

.577 

.592 

.595 

.588 

.585 

■  572 

.55a 

.54X 

— 

39 

— 

•  575 

.587 

§90 

.602 

.602 

.597 

.590 

.586 

.575 

•559 

.550 

•  531 

41 

— 

.582 

.585 

.605 

.605 

.608 

.60s 

.599 

.592 

.582 

.569 

-559 

•  544 

43 

— 

.588 

.602 

.602 

.620 

.613 

.609 

.605 

•  599 

.597 

.58X 

.570 
.586 

•  556 

45 

.58S 

•  591 

.607 

.6zx 

.619 

.626 

.62s 

.613 

.6x2 

.599 

•596 

.572 

47 

.587 

.604 

.6og 

.613 

.622 

.63X 

.624 

.6x8 

.6x7 

.6X2 

.596 

•  584 

-577 

49 

.578 

.596 

.6x6 

.■617 

.617 

.636 

.638 

.626 

.619 

.6x4 

.602 

.592 

.587 

TABLE  676. —  Secular  Cbange  <rf  Total  Intensity. 

Values  of  total  intensity,  F,  m  cgs  units  for  places  designated  by  the  latitudes  and  longitudes  in  the  first  two  columns 
for  January  x  of  the  years  in  the  heading. 


Ut. 

Long. 

x8s5 

i860 

1865 

X870 

X875 

x88o 

X885 

X890 

189s 

X900 

190S 

X910 

X915 

0 

25 

• 
80 

.5476 

•  5453 

.5427 

.5396 

.5363 

.5324 

.5285 

.5253 

.5227 

.5208 

.5178 

.5x60 

.5x31  . 

25 

xxo 

.494X 

.4946 

.4941 

.4933 

.49x4 
.57x6 

.4906 

.4900 

.4889 

.4884 

.4879 

.4876 

.486. 

.4836  ! 

30 

83 

.5758 

.5755 

.5749 

.5735 

.5678 

.5625 

.5584 

.5559 

.5549 

.5534 

.55x0 

•547X 

30 

100 

^— 

— 

.5608 

.5595 

.5567 

.5523 

.5479 

.5455 

.5450 

.5444 

.5441 

.5426 

■  5390 

30 

115 

.52x9 

.52x6 

.5205 

.5x82 

•  5x49 

.5x29 

•  5XX4 

.510X 

.5094 

.5092 

.5086 

.5068 

.504X 

35 

80 

.6xox 

.6090 

.6075 

.6048 

.6008 

.5955 

.59x0 

.5873 

.5856 
.S88s 

.5838 

.5823 

.5796 

•5756 

35 

90 

— 

— 

— 

•  5993 

.5966 

.5946 

■%% 

.5904 
.5636 

.5868 

.5861 

.5834 

.5800 

35 

xos 

— 

— 

— 

.5720 

.5675 

.5634 
.5350 

.5630 

.5627 

.560^ 
.5306 

.5567 

35 

X20 

— 

^ 

— 

.5457 

.5428 

.5401 

.5383 

.5369 

.5342 

.5330 

.5276 

40 

75 

.6x83 

.6x93 

.6x96 

.6204 

.6190 

.6x60 

.6x15 

.6077 

.6047 

.6022 

.599X 

.5948 

.5892 

40 

90 

— 

.6236 

.6240 

.6246 

.6233 

.6209 

.6190 

.6x69 

.6x51 

.6x33 

.6x18 

.6089 

.6052  • 

40 

X05 

— 

— 

— 

.6040 

.60XX 

.•>988 

•  5978 

.5967 

.5958 

•  5955 

•  5944 

.591a 

■  587X 

40 

120 

— 

— 

_— 

.5739 

.5720 

.5709 

.5707 

.5692 

.5676 

.5647 

.5621 

.5581 

■  5546 

45 

65 

.6i6x 

.6x59 

.6x40 

.6x26 

.6107 

.6082 

.6052 

.6022 

.5994 

.5980 

.5962 
.0X57 

.5923 

.Oiax 

.5875 

45 

75 

.6369 

.6347 

.6330 

.6320 

.6329 

.6281 

.6247 

.6228 

.6x89 

.6x71 

.6070 

45 

90 

_ 

.6552 

•6544 

.6522 

.6495 

.6474 

.64x5 

.6377 

.6366 

.6349 

■!n 

.63x5 

.6264 

45 

105 

— 

— 

— 

.6296 

.6276 

.626X 

.6245 

.6232 

.6x70 

.61x8 

45 

X22.5 

.6037 

.60x9 

.60x0 

.6000 

.5978 

.5944 

•  S913 

.5883 

.5855 

.5837 

.5820 

.5784 

•  5745 

49 

92 

.66x6 

.6597 

.6S78 

.6540 

.6508 

.6498 

.6448 

.642X 

.6427 

.6424 

.6426 

.6380 

•  6349 

49 

X20 

^^"^ 

.6X2X 

.6107 

.6098 

.6083 

.6061 

.6039 

.60x7 

.60x0 

.6008 

.5997 

-5963 

•  5922 
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Tables  8T7-t7B. 

TERRESTRIAL  MAGNETISM   {conUmed), 

TABLE  677.  —  Agonic  Line. 

The  line  of  no  declination  appears  to  be  still  moving  westward  in  the  United  States,  but,  as  the  line  of  no  annual 
diange  is  only  a  short  distance  to  the  west  of  it,  it  is  probable  that  the  extreme  westeriy  position  will  soon  be  reached. 


Lat. 

N. 

.1 

Longitudes  of  the  agonic  line  for  the  years               1 

x8oo 

1850 

1875 

X890 

190S 

X91S 

e 

e 

e 

• 

e 

0 

e 

25 
30 

^■" 

■■^ 

— 

75.  5 
78.6 

76.1 

79.7 

77.4 
80.0 

35 
6 

I 

9 

75.2 

76.9 

76.7 
77.3 

77-7 
78.3 
78.7 

79.0 

81.3 
81.6 

79.9 
80.5 
82.2 
82.6 
82.2 

81.7 

82.8 

Hi 

83.6 

82.7 

84.4 
84.0 
84.1 
83.9 

40 

I 
2 
3 

4 

77.0 

77-9 
79.1 
79-4 
79.8 

79.3 
80.4 
81.0 
81.2 

8x.6 
8x.8 
82.6 

833 

82.7 
82.8 

83- 7 
84.3 
84.9 

84.0 
84.6 
84.8 
85.0 
85.5 

84.3 
85.1 
85.3 

Hi 

1 

7 
8 

9 

^^^ 

— 

83.6 
84.2 

8s. I 
86.0 

86.5 

85.2 
84.8 
85.4 

86.3 

86.0 

86.4 
86.4 

86.5 
87.2 

86.2 

86.3 
86.6 
87.2 
88.0 

TABLE  678.  —  Mean  Magnetic  Character  of  Each  Month  in  the  Tears  Z906  to  191 7-* 

Means  derived  from  daily  magnetic  characters  based  upon  the  following  scale:  o,  no  disturbance;  x,  moderate 
disturbance,  and  2,  large  disturbance. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 
Mean. 

X906 

0.45 
0.69 

0.00 
0.83 

0.68 

0.63 

0.58 

0.56 

0.69 

0.63 

0.79 

0.59 

o.SS 

0.71 

0.65 

X907 

0.58 

o.SS 

0.72 

0.67 

0.67 

0.66 

o.6i 

0.71 

0.61 

O.S3 

0.66 

X908 

o.6a 
•  0.76 

0.71 

0.87 

0.68 

0.82 

0.66 

0.49 

0.77 

0.89 

O.S3 

0.60 

0.47 
0.58 

0.68 

X909 

0.63 

0.79 
0.81 

0.49 

O.S9 

O.S4 

0.53 

0.65 

0.70 

0.69 

0.49 

0.62 

X910 

0.58 

0.71 

0.68 

0.72 

0.53 

0.5S 

0.81 

0.80 

0.90 

0.77 

0.76 

0.72 

19x1 

0.78 

0.89 

0.78 

0.76 

0.70 

0.53 

0.61 

O.S3 

0.50 

0.59 

0.49 

0.4s 

0.63 

19x2 

0.42 

0.49 

0.4s 

0.4s 

0.47 

0.47 

0.41 

0.49 

0.47 
0.58 

0.46 

0.45 

0-43 

0.46 

1913 

o.sx 

O.S3 

O.S3 

O.S4 

0.45 

0-4S 

0.42 

o.a6 
o.ox 

O.S7 

0.42 

0.36 

0.48 

X914 

0.46 

0.50 

0.62 

0.50 

0.37 

0.52 

0.61 

0.53 

0.64 

0.60 

0.46 

O.S4 

1915 

O.S3 

o.6a 
0.56 

0.68 

o.6x 

0.58 

o.6x 

0.47 
0.63 

0.60 

o.i>9 

0.77 

0.82 

0.54 

0.62 

1916 

0.61 

0.86 

0.68 

0.7S 

0.67 

0.75 

0.75 

0.76 

0.83 

0.6s 

0.71 

191 7 

o.8x 

0.69 

0.59 

0.63 

0.66 

o.SS 

0.61 

0.8s 

0.61 

0.74 

O.S3 

0.72 

0.67 

*  Compiled  from  annual  reviews  of  the  "Caractire  magn6tique  de  chaque  jour"  prepared  by  the  Rosral  Meteoro* 
logical  Institute  of  the  Netherlands  for  the  International  Commission  for  Terrestrial  Magnetism.  The  number  of 
stations  supplying  complete  data  for  the  above  years  were  respectively,  30.  32,  36,  38,  34.  39.  43,  42.  37,  3Si  3S»  3S. 
Data  from  Sitka,  Ekaterinbui^,  Stonyhurst,  Wilnelmshaven,  Potsdam-Seddin,  De  But,  Greenwich,  Kew»  Val  Joyeuz, 
Pola,  Cheltenham,  Honolulu,  Bombay,  Porto  Rico,  and  Buitenzoig  were  employed  for  all  of  the  years. 
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A^A  Table  f7». 

RECENT  VALUES  OF  THE  MAGNETIC  ELEMENTS  AT  MAGNETIC  OBSERVATORI 

(Compiled  by  the  Department  of  Terrestrial  Magnetism,  Carnegie  Institution  of  Washington.) 


Place. 


Pavlovsk 

Sitka 

Katharinenburg 

Rude  Skov 

Kasan 

Eskdalemuir 

Stonyhurst 

Wilhelmshaven 

Potsdam 

Seddin 

Irkutsk 

DeBilt 

Valencia 

Clausthal 

Bocbum 

Kew 

Greenwich 

Uccle 

Hermsdorf 

Beuthen 

Falmouth 

Prague 

Cracow 

Val  Joycux 

Munich 

KremsmOnster 

O'GyaUa  (Pesth) 

Odessa 

PoU 

Agincourt  (Toronto). . 

Perpignan 

Tiflis 

C^podimonte 

Ebro  (Tortosa) 

Coimbra 

Baldwin  * 

Cheltenham 

San  Fernando 

Tokio 

Tiicson 

Lukiapang  ** 

Dehra  Dun 

Helwan 

Barrackpore  f 

Hongkong 

Honolulu 

Toungoo 

AUWig 

Vieques 

Antipolo 

Kodaikinal 

Batavia-Buitenzorg. . . 
St.  Paul  de  Loanda. . . 

Samoa  (Apia) 

Tananarive 

Mauritius 

Pilar 

Santiago 

Christchurch 

New  Year's  Island. . . . 
Orcadas 


Latitude. 


51 
51 
SI 


59  41  N 

57  03  N 
56  50  N 
S5  5iN 
55  47  N 
55  19  N 
53  51  N 
S3  32  N 

53  23  N 
52  17  N 
52  16  N 
52  06  N 
51  56  N 
51  48N 

29  N 
28  N 
28  N 
50  48N 
SO  46  N 
SO  21  N 
50  09  N 
SO  OS  N 
so  04  N 
48  49  N 
48  09  N 
48  03  N 
47  53  N 
46  26  N 
44  SaN 
43  47  N 

42  42  N 
41  43  N 
40  52  N 
40  49  N 

40  12  N 
38  47  N 
38  44N 
36  28  N 
35  41  N 

32  isN 

31  19  N 

30  19  N 
29  52  N 
22  46  N 
22  18  N 
2r  19  N 
18  56  N 
18  38  N 
18  09N 
14  36  N 
zo  14  N 

6  zr  S 

8  48S 

13  48  S 

x8  SSS 

20  06  S 

31  40  s 

33  27  S 

43  3.a  S 

54  45  S  t 

60  45S 


Longitude. 


30 

135 
60 

Z2 

49 

3 

a 

8 

13 

13 

X04 

5 
10 
10 

7 
o 
o 

4 
x6 
18 

5 
X4 
19 

2 
xz 

\t 

30 
X3 
79 

2 

44 

14 

o 

8 

95 

76 

6 

139 
zio 

Z2Z 

78 

31 

88 

1Z4 

IS8 

96 

X2Z 

77 
Z06 

13 
Z71 
47 
57 
63 
70 

172 
64 
42 


29  E 
aoW 
38  £ 

27  E 
08E 

X2  W 

28  W 
09E 


04 
oz 
z6 
zz 


E 
E 
E 
E 


IS  W 
20  E 
Z4E 
19  W 
00 

2Z  E 

14  E 
55  E 
OS  W 
25  E 


S8 

E 

OX 

E 

37 

£ 

08  E 

Z2 

E 

46  E 

Sx 

E 

z6W 

53 

E 

48  E 

Z5 

E 

31 

£ 

25 

W 

zo 

W 

SO 

w 

12 

w 

45 

E 

SO 

W 

02 

E 

03 

E 

20 

E 

22 

£ 

10 

£ 

04 

W 

27 

E 

52 

E 

26  W 

xo 

£ 

28  E 

49 

E 

X3 

E 

46  W 

32 

£ 

33 

E 

53 

W 

42 

w 

37 

E 

03 

wt 

32 

w 

Middle 

of 

year. 


907 
9z6 
907 
9XS 

9Z3 

9x3 

9X5 

9z6 
9z6 
905 
9x4 
9x3 
90s 

9Z2 

9x5 

9x6 
9XX 

908 

9Z3 

91a 

9x3 
9x3 
9x1 
904 

9x2 
9Z0 

91 5 
916 
910 

913 
9XX 

914 
9x5 
909 
9z6 

913 
9za 
9x6 

909 
9x4 

913 
914 
9x6 
9z6 
9x4 
9x5 
9z6 

9x1 
9x4 

9Z2 

9Z0 
9z6 

907 
9z6 

9x4 
909 
9x4 
906 
912 


Magnetic  elements. 


-r 
I 


Declination. 


x  09.9  £ 
30  34.0  E 
xo  35. s  £ 

8  44.3  W 
8  09.Z  E 

X7  549  W 
x6  38.0  W 
IX  28.2  W 

8  07.6 

8  08 

X  58. 

X2    22 

^o  X9. 

xo  40. 


w 

W 

£ 
W 
W 

W 
XX  39.4  W 
IS  18.4  W 
14  46.9  w 

X3  X3.9 
6  58.2 

6  12. 3 


.9 

,X 

.6 
.6 
.3 


17  24.2 


W 

w 
w 
w 


so. 3  W 

^  03.3  W 

X3  59.2  W 

9  23.8  W 

02.4  w 

35.9  w 

39.0  W 

33.4  w 

12  44.8  W 
3  09-X  £ 


7 
5 


9 
6 

3 

7 
6 


xa  sx 
IS  57 

8  34 
6  07, 

14  sx 
5  03 

X3  44 
2  59 
2  18, 

2  X7 
o  32 
o  13, 

9  43 
o  02. 
o  40 

3  19 

0  40, 

1  X7 
o  47 

z6  12, 

9  59 
9  29 
9  47 
8  40, 

X3  57 

x6  44. 

XS  41 

4  46. 


W 

w 

£ 

W 

W 

W 

£ 

W 

£ 

W 

£ 

8  W 

8  £ 

£ 

£ 

W 

£ 

W 

£ 

W 

£ 

W 

W 

E 

£ 

E 

£ 

£ 


Inclination. 


70 

74 
70 
68 
69 

^ 

67 
66 
66 
70 
66 
68 


37.7  N 
26.0  N 
52. a  N 
50.6  N 
17.3  N 

37.3  N 

41.4  N 


30. 

27 

24 

35. 

46 


N 
N 
N 
N 
N 


09.2  N 


66  56.6  N 
66  52.8  N 
66  00. I  N 


66  a6.6  N 

64  18.4  N 
64  38.9  N 
63  06.2  N 


6a  26.9  N 
60  05.x  N 
74  43. SN 

56  51. I  N 

56  XI. 7  N 

57  47. SN 

68  50. a  N 
70  49.9  N 
a6  6N 


48  53.7  N 
59  a6.z  N 

45  34-9  N 
44  a2.9  N 
40  47.6  N 
30  58.0  N 

30  SX.8N 
39  29.3  N 
33  06.x  N 

24  ai . X  N 
50  56. 7  N 
x6  18. a  N 

4  XI. a  N 

31  19. 4  S 
35  3a. 2  S 
29  54.58 
54  05.7  S 
52  54.6  S 

25  4X.5S 
29  57-2  S 
67  59.8  S 
50  03.6  S 
54  26.0  S 


Intensity  (cgs 

Horl. 

Verl. 

.1650 

.4694 

.xss8 

.5592 
.5081 

.1762 

.1726 
.1802 

•4459 
.470s 

.1682 

.4528 

.X734 

.4446 

.1811 

4375 

.1870 

.4290 
.4289 

.1874 

.aoox 

.5625 

.1851 
.X789 

.43x4 

.4463 

.1846 

.4338 

.1849 

.4332 

.1902 

.4273 

.x88o 

.4312 

.1974 

.4x67 

.2063 

.4068 

.2x06 

__ 

.2x71 

.4x61 

.22x7 

.3853 

.1599 

.5854 

.2522 

.3761 

.2330 

.3698 

.2305 

.3773 

.2x67 

.5596 

.1934 

.566a 

•2494 
.3000 

.3489 
•3438 

.2706 

.4582 

.3323 

.339X 

.33x6 

.3246 

.3003 

.2592 

.3740 

.2246 

.37x6 

.2220 

.2896 

.2386 

.3898 

.1663 

.3687 

.1669 

.2815 

.3470 

.38ao 

.IXX7 

.3757 

.0275 

.3668 

.2232 

.301  a 

■X437 

.3536 

.2034 

.2533 

.3499 

.2320 

.3069 

.2560 

.1232 

.  2241 

.5546 

.27x7 

.3244 

.2534 

■3544 

Total. 


•  407S 
.5805 

.5378 
.4781 

•  5094 
.483X 
.4772 

.4735 
.4680 
.4680 
.5970 

.4604 
.4808 


.47x4 
.4710 
.4677 


■  4704 


.46x1 
.4561 


4693 

4445 
6068 

4528 

4371 
ooox 

5889 
■V89 

4563 

5322 

4747 
464X 

3967 
4363 
4328 
37S2 
4238 

4047 
4468 
398X 
3767 

4229 
2473 
4080 

4319 
3847 
2841  . 

5982 
4231 
4357 


*  Baldwin  Obs'y  replaced  by  Tucson  Obs'y,  Oct.  1909;  mean  ^iven  for  Jan.-Oct.  '09, 

^  Replaced  Zi-ka-wei  Obs'v,  1908.        t  Observations  disconUnued  Apr.  26,  19x5. 

X  Provisional  values  taken  ror  position  of  Port  Cork,  p.  398,  American  Practical  Navigator,  19x4  edition. 
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APPENDIX, 

DEFINITIONS  OF  UNITS. 

ACTIVITY.    Power  or  rate  of  doing  work;  unit,  the  watt. 

AMPERE.  Unit  of  electrical  current.  The  international  ampere,  "  which  is  one-tenth 
of  the  unit  of  current  of  the  C.  G.  S.  system  of  electro-magnetic  units,  and  which 
is  represented  sufficiently  well  for  practical  use  by  the  unvarying  current  which, 
when  passed  through  a  solution  of  nitrate  of  silver  in  water,  and  in  accordance 
with  accompanying  specifications,  deposits  silver  at  the  rate  of  0.00111800  of  a 
:«  ,  gram  per  second." 

The  ampere  =  i  coulomb  per  second  =  i  volt  through  i  ohm  =  10-^  E.  M.  U.  =  3  X 

10  •  E.  S.  U.* 
Amperes  =  volts/ohms  =  watts/volts  =  (watts/ohms)*. 
Amperes  X  volts  =  amperes '  X  ohms  =  watts. 
ANGSTROM.    Unit  of  wave-length  =  icr"  meter. 
^:  I        ATMOSPHERE.    Unit  of  pressure. 

I  ,  English  normal  =  14.7  pounds  per  sq.  in.  =  29.929  in.  =  760.18  mm  Hg.  32**  F. 

c^  French        "       =760  mm  of  Hg.  o*  €  =  29.922  in.  =  14.70  lbs.. per  sq.  in. 

,         BAR.    A  pressure  of  one  dyne  per  cm.* 
":  I         BRITISH  THERMAL  UNIT.    Heat  required  to  raise  one  pound  of  water  at  its  tem- 
''^:  I  perature  of  maximum  density,  i**  F.  =  252  gram-calories. 

Z  I  CALORIE.     Small   calorie  =  gram-calorie  =;  therm  =  quantity   of   heat    required    to 

.V  raise  one  gram  of  water  at  its  maximum  density,  one  degree  Centigrade. 

~  I  Large  calorie  =:  kilogram-calorie  =  1000  small  calories  =:  one  kilogram  of  water  rrised 

I'  j  one  degree  Centigrade  at  the  temperature  of  maximum  density. 

For  conversion  factors  see  page  197. 
CANDLE,  INTERNATIONAL.    The  international  unit  of  candlepower  maintained 
^  jointly  by  national  laboratories  of  England,  France  and  United  States  of  America. 

CARAT.     The  diamond  carat  standard   in  U.   S.  =  200  milligrams.     Old   standard 
=  205.3  milligrams  =  3.168  grains. 
The  gold  carat :  pure  gold  is  24  carats ;  a  carat  is  1/24  part. 
CIRCULAR  AREA.    The  square  of  the  diameter  =1 1.2733  X  true  area. 

True  area  =:  0.785398  X  circular  area. 
COULOMB.    Unit  of  quantity.    The  international  coulomb  is  the  quantity  of  electricity 
transferred  by  a  current  of  one  international  ampere  in  one  second.  =:  lor*  E.  M.  U. 
=  3Xio»E.  S.  U. 
Coulombs  =  (volts-seconds) /ohms  =  amperes  X  seconds. 
CUBIT  =  18  inches. 
DAY.    Mean  solar  day  =  1440  minutes  =  86400  seconds  =:  1.0027379  sidereal  day. 

Sidereal  day  =:  86164.10  mean  solar  seconds. 
DIGIT.    3/4  inch;  1/12  the  apparent  diameter  of  the  sun  or  moon. 
DIOPTER.    Unit  of  "  power  "  of  a  lens.    The  number  of  diopters  =:  the  reciprocal  of 

the  focal  length  in  meters. 
DYNE.    C.  Q.  S.  unit  of  force  =  that  force  which  acting  for  one  second  on  one  gram 
produces  a  velocity  of  one  cm  per  sec.  =  ig -r- gravity  acceleration  in  cm/sec./sec. 
Dynes  =  wt.  in  g  X  acceleration  of  gravity  in  cm/sec/sec. 
ELECTROCHEMICAL  EQUIVALENT  is  the  ratio  of  the  mass  in  grams  deposited 

in  an  electrolytic  cell  by  an  electrical  current  to  the  quantity  of  electricity. 
ENERGY.    See  Erg. 

ERG.    C.  G.  S.  unit  of  work  and  energy  =  one  dyne  acting  through  one  centimeter. 
For  conversion  factors  see  page  197. 

FARAD.    Unit  of  electrical  capacity.    The  international  farad  is  the  capacity  of  a  con- 
denser charged  to  a  potential  of  one  international  volt  by  one  international  coulomb 
of  electricity  =  lo-*  E.  M.  U.  =  9  X  lo"*  E.  S.  U. 
The  one-millionth  part  of  a  farad  (microfarad)  is  more  commonly  used. 
Farads  =  coulombs/ volts. 

*  E.  M.  U.^C.  G.  S.  electromagnetic  units.    E.  S.  U.=-C.  G.  S.  electroatatic  units. 
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FOOT-POUND.    The  work  which  will  raise  one  pound  one  foot  high. 

For  conversion  factors  see  page  197. 
FOOT-POUND ALS.    The  English  unit  of  work  =  f oot-pounds/g. 

For  conversion  factors  see  page  197. 
g.    The  acceleration  produced  by  gravity. 

GAUSS.   A  unit  of  intensity  of  magnetic  field  =  i  E.  M.  U.  =  i  X  i<r**  E.  S.  U. 
GRAM.    See  page  6. 

GRAM-CENTIMETER.    The  gravitation  unit  of  work  =  g.  ergs. 
GRAM-MOLECULE  =  x  grams  where  x  =  molecular  weight  of  substance. 

GRAVITATION  CONSTANT  =  G  in  formula  a  ^^■= 666.07  X  icr"  cm.Vgr.  sec' 

HEAT  OF  THE  ELECTRIC  CURRENT  generated  in  a  metallic  circuit  without  self- 
induction  is  proportional  to  the  quantity  of  electricity  which  has  passed  in  coulombs 
multiplied  by  the  fall  of  potential  in  volts,  or  is  equal  to  (coulombs  X  volts )/4. 181  in 
small  calories.  ' 
The  heat  in  small  or  gram-calories  per  second  =  (amperes' X  ohms) /4.i8i= volts*/ 
(ohms  X  4.181)  =  (volts  X  amperes)  A- 181  =  watts/4.181. 

HEAT.    Absolute  zero  of  heat =— 273. 13**  C,  —459.6'*  Fahrenheit,  —  218.5'*  Reaumur. 

HEFNER  UNIT.    Photometric  standard;  see  page  260. 

HENRY.  Unit  of  induction.  It  is  "  the  induction  in  a  circuit  when  the  electromotive 
force  induced  in  this  circuit  is  one  international  volt,  while  the  inducing  current 
varies  at  the  rate  of  one  ampere  per  second."  =  lo'  E.  M.  U.  =  1/9  X  lor**  E.  S.  U. 

HORSEPOWER.  The  English  and  American  horsepower  is  defined  by  some  authorities 
as  746  watts  and  by  others  as  550  foot-pounds  per  second.  The  continental  horse- 
power is  defined  by  some  authorities  as  7Z^  watts  and  by  others  as  75  kilogram- 
meters  per  second.    See  page  197. 

JOULE.    IJmt  of  work  =  10*  ergs.    For  electrical  Joule  see  p.  xxxvii. 

Joules  =  (volts*  X  seconds ) /ohms  =  watts  X  seconds  =  amperes'  X  ohms  X  sec. 
For  conversion  factors  see  page  197. 

JOULE'S  EQUIVALENT.  The  mechanical  equivalent  of  heat =4.18!  X  10^  ergs. 
See  page  197.  2 

KILODYNE.    1000  dynes.    About  i  gram. 

KINETIC  ENERGY  in  ergs  =  grams  X  (cm./sec.)72. 

LITER.   See  page  6. 

LUMEN.    Unit  of  flux  of  light-candles  divided  by  solid  angles. 

MEGABAR.    Unit  of  pressure  =  1 000  000  bars  =  0.987  atmospheres. 

MEG  A  DYNE.    One  million  dynes.    About  one  kilogram. 

METER.    See  page  6. 

METER  CANDLE.  The  intensity  of  lumination  due  to  standard  candle  distant  one 
meter. 

MIHO.    The  unit  of  electrical  conductivity.   It  is  the  reciprocal  of  the  ohm. 
MICRO.   A  prefix  indicating  the  millionth  part. 

MICROFARAD.  One-millionth  of  a  farad,  the  ordinary  measure  of  electrostatic 
capacity. 

MICRON.    (/*)  =  one-millionth  of  a  meter. 
MIL.    One-thousandth  of  an  inch. 
MILE.    See  pages  5,  6. 

MILE,  NAUTICAL  or  GEOGRAPHICAL  =  6080.204  feet. 
MILLI-.    A  prefix  denoting  the  thousandth  part 

MONTH.   The  anomalistic  month  =  time  of  revolution  of  the  moon  from  one  perigee  to 
another  =  27.55460  days. 
The  nodical  month  =  draconitic  month  :=  time  of  revolution  from  a  node  to  the  same 

node  again  =  27.21222  days. 
The  sidereal  month  =  the  time  of  revolution  referred  to  the  stars =27.32166  davs 
(mean  value),  but  varies  by  about  three  hours  on  account  of  the  eccentricity  of  the 
orbit  and  "perturbations." 
The  synodic  month  =  the  revolution  from  one  new  moon  to  another  =  29.5306  days 
Cmean  value)  =  the  ordinary  month.    It  varies  by  about  13  hours. 
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OHM.    Unit  of  electrical  resistance.    The  international  ohm  is  based  upon  the  ohm 
equal  to  lo^  units  of  resistance  of  the  C.  G.  S.  system  of  electromagnetic  units,  and 
"is  represented  by  the  resistance  offered  to  an  unvarying  electric  current  by  a 
column  of  mercury,  at  the  temperature  of  melting  ice,  144521  grams  in  mass,  of  a 
constant  cross  section  and  of  the  length  of  106.3  centimeters."  =  10^  E.  M.  U. 
=  1/9  X  10-"  E.  S.  U. 
International  ohm  =  1.01367  B.  A.  ohms  =  1.06292  Siemens'  ohms. 
B.  A.  ohm  =:=  0.9865 1  international  ohms. 
Siemens'  ohm =0.94080  international  ohms. 

PENTANE  CANDLE.    Photometric  standard.    See  page  260. 

PI  =  «•  =  ratio  of  the  circumference  of  a  circle  to  the  diameter  =  3.14159265359. 

POUNDAL.  The  British  unit  of  force.  The  force  which  will  in  one  second  impart  a 
velocity  of  one  foot  per  second  to  a  mass  of  one  pound. 

RADIAN  =  180'' A  =  57.29578°  =  57^*  1/  4S" =206265". 

SECOHM.    A  unit  of  self-induction  =  i  second  X  i  ohm. 

THERM  =  small  calorie  =  (obsolete) . 

THERMAL  UNIT,  BRITISH  =  the  quantity  of  heat  required  to  warm  one  pound  of 
water  at  its  temperature  of  maximum  density  one  degree  Fahrenheit  =1252  gram- 
calories. 

VOLT.  The  unit  of  electromotive  force  (E.  M.  F.) .  The  international  volt  is  "  the 
electromotive  force  that,  steadily  applied  to  a  conductor  whose  resistance  is  one 
international  ohm,  will  produce  a  current  of  one  international  ampere.  The  value 
of  the  E.  M.  F.  of  the  Weston  Normal  cell  is  taken  as  1.0183  international  volts  at 
20**  C.  =  lo'  E.  M.  U.  =  1/300  E.  S.  U.    See  page  197. 

VOLT-AMPERE.    Equivalent  to  Watt/Power  factor. 

WATT.  The  unit  of  electrical  power  =  10"'  units  of  power  in  the  C.  G.  S.  system.  It  is 
represented  sufficiently  well  for  practical  use  by  the  work  done  at  the  rate  of  one 

Joule  per  second.  ^        ,  ,   . .  ,        ,  ^. 

Watts  =  volts  X  amperes  =  amperes*  X  ohms  =  voltsyohms  (direct  current  or  alter- 
nating current  with  no  phase  difference). 

For  conversion  factors  see  page  197. 

Watts  X  seconds  =  Joules. 
WEBER.    A  name  formerly  given  to  the  coulomb. 

WORK  in  ergs  =  dynes-X  cm.     Kinetic  energy  in  ergs  =  grams  X  (cm./sec.)  Va. 
YEAR.    See  page  414. 

Anomalistic  year  =  365  days,  6  hours,  13  minutes,  48  seconds. 

Sidereal  "    =365      ^'     6      "       9      "     9-314       " 

Ordinary        "    =365      "     5      "      48       "  46  + 

Tropical  **    same  as  the  ordinary  year. 
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a  particles:  energy  of 396 

helium -394 

ions  produced 39o,  398 

production  of 394 

range 396 

stopping  powers  of  substances  ....  395 

relodtles.  Initial 396 

Abbreriations ^ 

Aberration  constant »    ;  4^4 

Absolute   units zixfl»3ii 

Absolute  KTO  of  temperature i95t  4o8 

Absorption  coefficients:  see  transmission  coef. 

/3-rays 395 

'y-rays 395 

X-rays       389 

Acceleration  of  graflty 4^4-4^6 

Accumulators,  Toltage 3i3 

Actinium  group  of  radioactive  substances  .   .   .   .396 

Activity,  definition 435 

Adaptation,  rate  of  eye »S7 

Adsorption,  by  charcoal 407 

hjf  fine  particles 407 

beat  of 407 

Aerodynamical  tables 150-153 

Agonic  Une 433 

Air:  composlUon  of;  variation  with  alt.  and  lat. '.    .421 

density  of  moist i33-i35 

densities  in  air,  reduction  to  vacuo   ....     73 

dielectric    strengtb 353 

humidity  relative,  via  v.  p.  and  dry   .    .   .    .   187 

via  wet  and  dry 189 

Index    of    refraction 292 

masses 4^9 

moist,  transparency,  short    X 4'9 

long  A 308 

transmission   coefficients    .   .  308,418,419 

resistance,  fluid 151-153 

sparkling  potentials  for 353-354 

thermal  conductivity,  high  temperatures  .    .    .254 
thermometer,  comparison  with  59III    ....   193 

vapor  pressure  of  water  in 185—186 

viscosity 164 

wave-lengths  in  air,  reduction  to  vacuo  .   .   .  293 

Albedos 417 

Altitudes  by   barometer 145 

by  boiling  points  of  water 144 

Alternating  current  resistances 344 

Aluminum:  medianlcal    properties    .:....  79-80 

resistivity  constants 334 

wire-tables,  English    units 34^ 

Metric  units 343 

Ammonia,  latent  and  spedflc  heats 228,  232 

Ampere  equivalents 3tt 

Ampere  turns zM 

Angstrom,  wave-length  unit 266 

Antennae,  resistances 364 

Antllogarithms,  std.  4-plaoe,  p.  28;  .9  to  i.o  .    .     30 

Apothecaries   weights 7f  8 

Are,   iron,  lines 266-267 

Astronomical    data 411-420 

Atmosphere:  composition,  alt.  and  lat.  var 421 

density,  altitude  variation 4^1 

height  of 421 

homogeneous,  height  of 421 

pressure,  altitude  variation 421 

"  Atmosphere  ":  ralue  of  pressure  unit    .    .    .  421,  4.15 

Atmospheric  water  vapor 185-186 

Atom:  Bohr 401 

Atom,  hydrogen:  mass,  mean  tree  path 408 

radius,  mean  velocity 408 

Rutherford      4ox 
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Atomic  heato,  elements  it  50*  K .226 

magnetic  field 4oi 

magnitudes 401,400 

numbers 409 

volumes,    elements ^^6 

weights,  Intemational 7^ 

/3-rays,  absorption  Mefllcients 395 

absorption  of 397 

ions  produced  by 398 

velocity 397 

Balmer  series  spectrum  formula 275 

Bar,  definition 435 

Barometer,  altitude,  variation  with 4^1 

heights,  determination  of  by     .   .   .   .  X45 

reduction  for    capillarity X43 

to  std.  gravl^   ....  X  38-1 43 
to  std.   temperature   ....   137 

Batteries,  composition,  voltages 312-313 

Baum6  scale,  conversion  to  densities 109 

Bessel  functions,  xst,  2d  orders,  roots 66-68 

Biaiial  crystals,  formulae, -f  refractive    indices    .   .  286 

— refrectlve    Indices    .   .  287 

Black  absorben,  long-X  transparencies 309 

Black-body:  brightness  (photometric)  of  ..'...  261 

luminosity   of 261 

luminous  efficiency  of 261 

Planck's  constant 247 

radiation,  total,  for  various  temp.  .   .  247 
by  ware-lenths,  var.  temp.  .  248 

Stefan-Boltzmann  constant 247 

-temperature  for  C,  Ft  and  W  .  .  250 

Bohr   atom 275, 401 

Boiling  points:  elements X99 

pressure  effect 200 

inorganic  compounds 201 

organic  compounds 203 

rise  of,  salts  in  HsO 210 

water,-  pressure  variation   ....   144 

Boltsman  gas-constant  (entropy) 408 

Bougie  dedmale 260 

Break-down  voltage,   dielectrics 304, 355 

Brightness  of  sky 419 

of  stars 4x3 

of   sun 260, 413 

temperature  of  C,  Pt  and  W 250 

of  various  illuminations 256 

of  various  ll^t  sources 260-262 

Brlnell  hardness 74 

British  thermal  unit 435 

British   weights   and   measures 8-1 1 

Brownlan  morement 406 

Buoyancy  correction:  of  densities 73 

weighings 73 

Y-function      62 

7-rays:  absorption  coefficients 395 

absorption  of 397 

ions  produced  by 398 

Cadmium  line,  red,  X  of  Intern,  prim,  std 266 

Calclte  grating  space 408 

■Calibration  points  for  temperatures      19*; 

for  thermoelements 196 

Calorie,  definition 435 

Canal  rays 386 

Candle,  energy  from      260 

international  standard 260 

meter-candle,    foot-candle 259 

Capacity  of  wires  for  electrical  current 329 

Capacity,  specific  Inductive:  crystals 361 

gases,  f  (t,  p)  .    .  356-357 

liquids      357 

llq.    gases 359 

solids 360 

*  standard  solutions     .     360 
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CftplUtflty 173-174 

corraetlon  to  bvooieter 143 

Cpxcel   unit 260 

Cathode  rays: 386 

energy  of 3^6 

penetration  depttu 387 

X-rays,  generailre  eiBcieney  for   .   .  3S7 

Catbodlc  sputtering 3^7 

CeUs:  standard,  voltages 313 

Weston  normal lU 

Weston    portable zllii 

Toltale,  eompositlon,  voltages    ....  312-313 

Centlpolse      i55 

Cbaraeterlstie  X-rays 387-392 

Charcoal,  adsorption  by 407 

Charge,  elementary  electrieal 408 

Chemical  energy  data 241-246 

Coals,  beats  of  combustion 242 

Colliidon  flrequeneles,  molecules 399 

Colloids 406-407 

Color:  ore  sensltlTeness  to 256-258 

indices  of  various  stars 411 

lights,  of  various 261 

screens     306-307 

complimentary  colors 307 

temperature  of  C,  Ft  and  W 250 

Combination,  beats  of 245-246 

Combustion,  beats  of:  carbon  and  misc.  cpds  .    .    .241 

explosives      243-244 

fuels      242 

Compressibility:  gases 104.  128-132 

liquids 107 

solids       74  seq,  108 

Cooduetivlty,  electrical:  see  resistivity  .    .    .    .322-332 

alloys 327-328 

electrolyUc: 345-35^ 

equivalent 349 

ionic .  352 

sp.  molecular 347 

limiting  values     .   .   .  348 

temp,    coefs 348 

Conductivity,  thermal:  alloys,  metals 213 

bulldliig   materials    .   .   .   .215 

earth 422 

gtaa 217 

high  temp 254 

insulators 214-2x6 

high  temp.    .   .    .  2x4 

Uquids       217 

metals,  high  temp 2x3 

salt  solutions 216 

water 2x6 

Cones,  number  and  distance  apart  in  eye 258 

Constants:  mathematical 14 

miscellaneous,  atomic,  etc 408 

radiation,  <r,  Ci,  C9 247 

Contact  difference  of  potential     ....  314.316,404 

Contrast,  eye  sensitiveness  to 25% 

Convection,  cooling  by      251-255 

pressure  effect   .    .    .    .251-252 
Conversion  factors:  general  formulae,  see  introduction. 

Baum6  to  densities X09 

horse-power 197 

worl(-unlts 197 

Cooling  of  bodies 25X-254 

Copper:  mechanical   properties 82-83 

wire,  alternating  current  resistance  ....  344 

wire  tables,  English  units 336 

metric   units 339 

Corpuscle    (Thomson) 401 

Corpuscular  radiation    (X-rays) 387-388 

Cosines,  circular,  natural,  (• ') 32-36 

(radians) 37—40 

logarithmic.  C ') 32-36 

(radians)       .    .    .  37-40 
hyperbolic,  natural  logarithmic  ....  41-^7 

Cotangents,  circular,  natural,  C  ')      32-36 

(radians)     ....  37-40 

logarithmic,  C ')    .   .   .   .  32-36 

(radians)    .    .    .37-40 

hyperbolic,  natural,  logarithmic    .   .  41-47 

Coulomb,  electrical  equivalents 311 

Critical  data  for  gases 212 

Crova    wave-length a6x 
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Crystals:  diffhwting  uniU,  X-rays 40o 

elasticity xoa-103 

refkMtion  indices:  alums,  quarts  ....   28  x 

fluorlte,  spar'  ....   280 

rock-salt,  allvlne  .    .   .   279 

reft-,  hidlcfls:  miaerals,  isotropic    ....  282 

uniaxial 

(+-)    .  284,28s 
biaxial 

(  +  -)    .  286,287 

mlseeL  uniaxial 285 

biaxial 289 

Cubes  of  numbers z5 

Cubical  cxpansioa  coeflldents:  gases 222 

Uquids      221 

solids    ....  222,  227 

Current  measures:  absolute  units '  .  xli 

equivalents 311 

Curie,  radium  standard 398 

point  and  constant,  magnetic 372 

(Xittlng-tool  lubricants xS4 

Cylindrical  harmonics  (Bessel)  xst  and  2nd  deg.  .     66 

general  formuls  68 

roots 68 

Day,  length  of  sidereal                    4^4 

Declination,  magnetic:  secular  change 428 

Degree  00  earth's  surface,  length  of 416 

Demagnetlxlng  factors  for  rods 374 

Densities  In  air,  reduction  to  vacuo 73 

Densities:  air  moist,  values  of  h/760  .   .   .   .x 33- 135 

alcohol  ethyl  aqueous 124 

Diethyl  aqueous 126 

alloys X14 

aqueous  solutions 122,  159-163 

B$xm6  equivalents 109 

cane  sugar,  aqueous X26 

castor  oil 136 

earth 427 

.  elements  diemlcal no 

gases 127 

glycerol,    aqueous 156 

inorganic  compounds 20X 

Insulators,  th«inal 2x5,  216 

liquids      X17 

mercury,— 10*  to +360*  C i2x 

minerals '. X15 

organic  compounds 203 

planets      416 

solids  various 1x3 

stars 4x3 

sucrose,  aqueous X56 

bulphurlc  acid,  aqueous 126 

tin,  liquid;  tin-lead  eutectic 1x5 

water,  o*  to  41*  C,  — xo*  to  250*  C.ix8,  x2o 

woods 95-98,  XX2 

Developers  and  resolring  power  of  photo,  plate  .   .  263 

Dlamagnetlc  properties      365 

Diamagnetic  susceptibility,  temperature  effect  .    .    .  372 

Diameter  molecules 399 

some  organic   molecules 400 

Dielectric  constant:  (sp.  inductive  capacity)    .  356-360 

crystals      361 

gwes  f(t,p) 356-357 

liquids 357 

liquefied  gases 359 

solids 360 

standard  solutions 360 

Dielectric  strength  (see  sparidng  potentials)    .  353-355 
Dielectrics,  volume  and  surface  resistances  .    .    .    .331 

Differentials,  formulae 12 

Diffusion:  aqueous  solutions  hito  water 166 

cases 167,  168 

integral 60 

ionic      40s 

metals 168 

vapors 167,  x68 

Diffuslvltles  thermal 2x7 

Digit      435 

Dilution,  heat  of  (HaSOi) 246 

Dimensional  formulae xxv,  3 

reasoning xxv 

Wopter 435 

Dip,  magnetic,  X915  value,  secular  variation  .   .   .  430 
Disk,  distribution  of  brightness  over  sun's    .   .   .   .418 

Distance  earth  to  moon 414 

sun 414 
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Distance  of  the  stan,  nebulae  and  clusters  ....  4^2 

DftSj  transparency  of 301 

Dsr-namical  equiralent  of  thermal  unit 197 

e   (base  of  natural  logarithms) X4 

e   (elementary  electrical  charge) 408 

e/m 408 

e«,  «-',  and  their  logerlthms  2=0  to  10  ...    .  48 

X  fractional     ...  $6 

e«3  g«jr»                                    a:=o.i    to    5.0    .    .  54 

7  X, * 

e^       e     ^  a;=i    to   ao    .    .    .     S5 

^   4     ,  e       4  2=1  to  ao     ...     55 

er+e-«     ef-e-'  ^^  ^^^j^  logarithms 4* 

a  a 

Earth:  atmospheric  data 421 

eonductinty,  thermal 42a 

degrees  on,  length  of 410 

elements,  percentage  composition 423 

geoeberalcal  data 423 

geodetical 424-427 

moments  of  Inertia 427 

moon,  distance  of 414 

rigidity      427 

slxe  of,  shape  of 427 

sptkBToid  constants 427 

sun,  distance  of 4^4 

temperatures      4ao,  42a 

viscosity 427 

Kffldency  of  Tarlous  lights 263 

Elastic  limit   (see  mechanical  properties)    ....     74 
Rlastic  modulus  of  rigidity,   —temp,  variation   .    .    100 

Elasticity  (see  mechanical  data) 74 

crystals      102.  103 

Young's  modulus   (see  mechanical  prop.)     74 

Electrical  charge,  elementary 408 

Electrical  equivalents 3". 

Electrical  units:  international n^n 

standards  ....  mvlii 

practical ™i 

Electric  lights,  effldency  of 26a 

Electric,  tribo-,  series  (frictional) 322 

Electrochemical  equivalents 345*  34o 

silver      345 

Electrolytic  conduction:  ammonium  acetate  ....  352 

equivalent  conductance  345-34^ 

hydrolysis 352 

Ionic 352 

ionization  water     ....  352 

solutions      345-346 

spec,  molecular      ....  347 
limiting  value  ft.  .    .   348 

temp,  coef 348 

Electro-motive  force:  accumulators 313 

contact 314,316,404 

Peltier 321 

standard  cells 313 

thermo-electric    ....  317-320 
pres.  effect     .   3ao 

voltaic  cells 312-313 

Weston  normal xll 

Weston   portable xliil 

Electromagnetic  system  of  units xxxi 

Electromagnetic/electrostatic  unlt8=v     .    .    .  m,  xxxvl 

Electrons:  — ,  +  * 401 

affinity  of  elements 404 

e/m 4CW 

elementary  charge 40^ 

emission  from  hot  bodies 4oiC 

ionization  potentials 403 

mass      40S 

photo-electric  effect 403 

radius 408 

resonance  potentials 403 

work  required  to  remove 403 

Elements:  atomic  heats  at  50°  K aa6 

atomic  numbers 409 

atomic  volumes • .    .    .    .  aa6 

atomic  weights    (international)    ....  71 

boiling  points 199 

compressibility 108 

conductivity  electrical 333-326 

thermal      313 

densities no 

earth's  crust,  occurrence  in 433 
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Elements:  evaporatloo  rate,  Mp,  W,  Ft X75 

expansion,  cubical    (gaseous) 222 

linear  (soUd) ai8 

hardness 731  loi. 

Isotopes     .    .' 

latent  heat  of  ev^;)oration  ....   •^-^  233 

melting  points r  .   .   198 

meteorites,  occurrence  In 423 

Peltier  effect •  3i7>  330-333 

periodic  system 409-4x0 

resistance,  electrical 333-336 

specific  heats 333,  335 

spectra      266-270 

thermal  conductivities 313 

expansion ia8, 333 

thermo-electric  powers 317,319 

Thomson   effect 3x7,330 

valencies 71 

vapor  pressures 175 

Elementary  electric  charge 408 

Elements,  magnetic,  at  various  observatories   .   .   .  434 

Elliptic  Integrals 69 

Emanation   (radioactive) 398 

Emissivlties,  radiation 349,  350 

Eiiergy  kinetic,  definition      438 

of  molecule      408 

Energy,  minimum  visible  to  eye a6i 

solar,  data  relating  to 418-430 

of  candle  radiation a6o 

of  sound  waves X49 

Entropy  constant  (Boltzmann) 408 

Entropy  of  ^eam 334-240 

Equation  of  time 416 

Equilibrium  radioactive 394 

Equivalent,  electrochemical 345-34^ 

mechanical,  of  heat X97 

Erg 435 

Erichson  values 73 

Errors,   probable 57-59 

Ettlngshausen  effect 385 

Eutectlc  mixtures,  melting  points     .....  306,  307 

Evaporation  rate  of.  Mo,  Pt,  W 175 

Exiiansion,  cubical:  gases      222 

liquids aai 

solids      . 330 

linear:  elements      318 

miscellaneous 319 

Explosives:  decomposition,  Ignition  temp 344 

miscellaneous      343-344 

Exponential  functions:  see  index  under  e 4 1-5 5 

diffusion  integral 60 

gudermanlans      41 

hyperbolic  functions  (nat)  .  4x 
hyperbolic  functions  (logs)  .  41 
probability  Integral    .    .    .   56-57 

Eye:  adaptation  rate 357 

color  sensitiveness 356-358 

contrast  sensibility a57 

Fechner's  law 258 

glare   sensibility 357 

heterochromatlc  sensibility 357 

minimum  energy  visible 361 

miscellaneous   data 358 

persistence  of  vision 358 

pupil  size  for  various  Intensities a58 

Purklnje   phenomenon a56 

sensitiveness  to  light 356-358 

small  dif.  of  color,  sensitiveness  to 358 

threshold  sensitiveness 356 

visibility  of  radiation,  relative 358 

F&ctorlals:  Y  function,  n=i  to  3 62 

nl,  n=i  to  30 47 

logs,  n=i  to  100 40 

Falling  bodies  (Stokes'  law) 150 

Farad 311 

Faraday      xllv,  3".  345 

Faraday  constant  .   .    .    .  • 408 

P'ecfaner's   law 258 

Ferromagnetism      365 

Field,  magnetic:  earth's,  comp<ments  ....  438-434 
metals,  behavior  of  in  .    .   .  365-377 

resistance  of  metals  in 384 

rotation  of  plane  of  polarization  .  378 
thermo-galvsnometric  effects     .    .  385 

Filaments,  heat  losses  from 255 

Flame  temperatures 244 

Fluidity iss 
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Foot  pound 43<i 

Fork,  tuning,  temperttun  coeffldeot X49 

Pormfttion,  heat  of,  for  elements 245,  246 

Foiuiulc:  conferalon      .    .    .    .  3 

dimensional,  we  introduction zxv 

least  squares 59 

Fraunbofer  lines,  solar,  waie-lengtbs 265 

Free  path  of  molecules 399 

Freesfaig  mixtures      211 

point,  lowering  of  for  salt  solutions  .   .    .  208 

point  of  water,  pressure  effect 200 

Frequencies,  corresponding  to  ware-lengths  ....  293 

in  afr,  reduction  to  vacuo 293 

Friction,  mechanical      x54 

internal  of  metals,  temp,  variation  .    .    .    loi 

skin  (air  resistance) 152 

Frlctlonal  electricity  series 322 

Functions:  Bessel  functions    (roots,   68)    .    .    .  66-68 

cylimfeical  harmonies 66-68 

elliptic 69 

exponential      48-56 

gamma 62 

hypert)olIe 41 

probabiUtf      56-58 

trigonometric,  circular  (* ') 32 

trigonometric,  circular  (radians)     ...     37 

lonal  harmonics 64 

Fimdamental  frequency  (Rydberg) 408 

Fundamental  standards      xxxiil 

units xxlil 

Fusion  current  for  wires 3^9 

Fusion,  latent  heat  of  ... 240 

Gsges,  wire 333 

Galvano-magneUc  effects 385 

Gamma  function 62 

Gss  emutant 408 

Gas  thermometry 192-194 

Gases:  absorption  of  by  liquids  172 

absorption  of  by  water 170-171 

absorption  coef:  long-wave  radiation     .    .   .309 

X-rays       389 

compressibility 104 

conductivity,    thermal 217 

critical  data 212 

densities 127 

dielectric  constants 356-361 

strength      353-355 

dUrosion 168 

ionic 405 

expansion    coefficients ^^^ 

expansion   of 128—132 

flow  in  tubes 150 

ignition  temperatures  of  mixtures 244 

magnetic  susceptibility 377 

magnetic-optical  rotation 382 

refractive   Indices 292 

resistance   (aerodynamical) 150-153 

solubility  in  water 1 70-1 71 

sound,  velocity  of,  in 147 

specific  heats  (also  c,/Cp) 230 

viscosity 164-165 

volume,  f  (t,  p) 104-106 

f(t),  1-1-0.00367,1088  .    .   .   128-132 

Gauss x!v,  365 

Gaussian  system  of  units xxxv 

Geochemical  data 4^3 

Geodetic  data 424-427 

Gilbert       3" 

Glare  sensibility  of  eye 257 

Glasses:   refraction  indices,  American      277 

German,  temp.  var.  .    .   278 

resistance  electric,  temp.  var. 332 

transparency  of 302-304,  306-307 

Glass  vessels,  volume  of 7' 

Gram-molecule,   definition 436 

Grating  space  of  calcite 408 

Gravitation    constant 427 

Gravity,  acceleration  of,  altitude  variation  ....  424 

latitude  variation  ....  424 
observed  values  .    .    .  425-426 
Gravity  specific,  see  densities. 

Gudermanians       4^ 

Gyration,  radii  of 70 

Hall  effect,  temperature  variation 385 


Hardness:  (see  medmnieal  properUet) 74 

Brinell  test 74 

elements 101 

sderoseope   test 74 

Harmonics:  cylindrical  (Bessel) 66--68 

roots,  formulc  .   .  68 

zonal 64 

Heat:  adsorption  heats 407 

atomic  heats  of  elements 226 

combination 245—246 

combustion:  explosives 243—244 

fuels 242 

gases 242 

organic  compounds 241 

eoDdnctivity:  metals  (also  high  temp.)  .   .   .  213 

gases      2x7,  254 

liquids 217 

diffusivities 217 

dilution,  heat  of,  H^0« 246 

formatioa 245—246 

latent  heat  of  fusion 240 

nvMirixation,  elements     ...  233 

NH3 232 

steam    .....  234 

various    .    .   232-233 

pressure  variation,  NHs  liq.    .    .  2^2^ 

lasses  from  incandescent  wires 255 

mechanical  equivalent  of X97 

neutralization,  HaSO* 246 

solution 246 

specific:  alloys 227 

ammonia,  llq 228 

electricity      317 

elements 233 

gases      230 

liquids 227—228 

mercury      , 227 

minerals,  rocks 229 

silicates 229 

solids 227 

true  [elements,  f(t)] 223 

vapors 230 

water     227 

total   [elements,  f(t)] 225 

treatment  of  steels 76 

Heating  effect,  radium  and  emanation 394 

Hefner  unit 260 

Helots,  barometric  determination  of 145 

boiling  point  of  water  determination  of  .    .  144 

Helium,  production,  relation  to  radium 394 

Henry      xxxvll,  xliv,  3 1 1 

Heterochromatic  sensibility  of  eye 257 

'   Hertzen   wave-lengths 408 

!   High-frequency  electric  resistance  of  wires  ....  344 
Horizontal  Intensity  earth's  field,  191 5       .    .    .    .431 

secular   var.    .    .  431 

Horee  power 197 

Humidity,  relative:  vapor-pressure  and  dry  ....  187 

wet  and  dry 189 

Hydrogen:  atomic  data,  mass,  radius,  etc  ....  408 

series  spectra 275,401 

thermometer 192-194 

Hydrolysis  of  ammonium  acetate 352 

Hydrostatic  pressures  of  Hg  and  H3O  columns   .    .  136 

Hyperbolic  functions,  natural  and  logarithmic  ...  41 

Hysteresis 365  et  seq,  375-37^ 

Ice,  allotroplc  modifications                200 

freezing  point,  pressure  effects 200 

Ice-point,  tho-modynamic  scale 195 

Ignition  temperatures  gaseous  mixtura 244 

Incandescent  filaments,  heat  losses 25  s 

Inclination  (dip)  of  magnetic  needle,  19 1 5     ....  430 

secuUr  var.  .    .  430 

Index  of  refraction:  air 293 

afcims 281 

crystals,  see  minerals,  etc.. 282-289 

fats 289 

fiuorite,  f(t) 280 

gases  and  vapws 292 

glass  American 277 

Cierman  f(t)    ......  278 

Iceland  spar 280 

liquefied  gases 289 

liquids      290 

metals 296 

minerals,  isotropic 282 

uniaxial 284 

biaxial      .....  286 
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Ibdex  of  refirBctlan:  mlicellaiieoiia,  Isotropic      .    .     283 

uniaxial     .    .    .  285 

biailal       .    .    .  289 

nltroso-dimthyl-anlline      .    .   .  380 

quarts 280 

rock-salt,  f(t) 279 

salt  solutions 391 

sllfine      379 

solids,  biaxial      ....  286,  389 

isotropic   ....  383,  383 

uniaxial     ....  384, 385 

standard  media  for  microscope.  394 

vapors 293 

waxes 289 

Induction,  self 376 

Inductive  capacity,  speciflc:  crystals 361 

gases,  f  (t,  p)   .    .  356-357 

liquids      357 

liq.  gases 359 

solids 360 

standard  solutions    .    .  360 

Inertia,  moments  of 70 

Inorganic  compounds:  boiling  points 301 

densities 301 

melting  points 301 

solulbllitles 169 

Insulators:  break-down  potentials 364 

dielectric   properties 364 

resistance,  thermal 2x4-216 

electrical 331 

Integral:  diffusloo      60 

elliptic 69 

formula 12 

gamma  function 62 

probability 56-57,60 

Intensity,  horiaonUl,  earth  field,  191  s 431 

,  ^    _^,     ...                              secular  rar.  .    .    .  43 1 
Bitensity,  total,  earth  field,  191  < 432 

secuJar  var 432 

International   candle  standard 260 

electric  units *.  *.xxx?l 

standards xxxrlli 

standard  r^dlunr. 394,  398 

standard   ware-lengths    ....  266-267 

Intrinsic  brightness  of  various  lights 260 

Iiinlc  charge      401,  408 

diffusion 405 

mobilities 405 

Ionization    potentials 403 

Ims  produced  by  a,  /5, 7  rays 398 

work  required  to  detach 403-404 

Ions,  conductance    of 353 

heat  of  formation 346 

Iron,  magnetic  properties  (steels) 365-376 

standard  wave-lengths,  international   .    .  266-367 

Isostacy 426 

Isotopes 410 

Joule      197 

Joule  magnetic  effect 365 

K  X-ray  spectrum  series 300 

Kerr's  constant,  magneto-optic 383 

Kinetic  energy 436 

molecular 408 

Kundt's  constant,  magneto-optic 383 

L  X-ray  series 391 

Lambert,  definition 256, 259 

L«tent  heat  of  ftision 240 

Latent  beat  of  pressure  variation  liq.  ammonia  .    .    .  232 
Latent  heat  of  Taporlzation:  ammonia      .....  232 

formuls 232 

steam  tables  ....   234 

various 231 

Latitude  correction  to  barometer 139-142 

of  a  few  stations 420,  434 

Least  squares:  formule ^59 

probability  integral,  arg,  hx     ...    '56 

x/r    .    .    .     57 
inverse      ...     60 

o.6745Vi71n— i)       57 

0.6745  Vi/n(w  — I )      s8 

o.8453Vi/rt(w— I)       58 

o.8453[i/Wn— i] 58 

Leduc  thermomagnetic  effect 385 

Legal  electrical  units xxxvil 
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Length,  standards  of xxxlv,  5 

Light:  eye,  sensitiveness  of  to 256-258 

flux,  definition 259 

Intensities  on  various  days 356 

lambert,  definition 356 

least  vteible  to  eye 361 

mechanical   equivalent 361 

photometric  standards 360 

units 359 

polarised,  reflection 295-397 

rotation  of  plane  by  substances  .    .310 
rotation  of  plane,  magnetic  .  378-383 

reflection  of:  formule 297 

function  of  "n" 397 

reflecting  power:  metals 395-398 

pigments 399 

powders 300 

rough  surfaces 399 

scattered  light 300 

temperature  variation  .    .    .  300 

sensitiveness  of  eye  to 356—358 

transparency  to:  crystals 305 

4ye8 301 

glasses,  American   .   .  303-304 

Jma      303 

water 307 

velocity  of 408,414 

wave-lengths:  cadmium  std.  line 366 

elements 369—371 

Fraunhofer  lines 265 

solar,  Rowland 272 

Std.  iron  lines     ....  266-267 

Lights,  brightness  of  various 260 

color  of  various 261 

efficiency  of  various  electric 262 

photographic  efficiency  of 264 

visibility  of  white  llghte 260 

Light-year      414 

Limits  of  spectrum  series 276 

Linear  expansion  coefficients 218-219 

Liquids:  absorption  of  gases  by 172 

Baum6  density  scale 109 

capillarity  of 173-174 

combustion  heat,  fuels 243 

compressibilities 107 

conductivity,    thermal 217 

contact  emf 314-316 

densities 115—117 

mercury,  f(t)      121 

water,   f(t) 1 18-120 

dielectric  constant 357-360 

strength      .-sss 

diffusion,  aqueous  solutions 166 

expansion  coefficients 221 

expansion  coefficients :    ...  221 

fuels,  combustion  heats 242 

magnetic  optic  rotation 380 

magnetic    susceptibility 377 

potential  dif.  with  substances  ....  314-316 

refk'active  indices 289-291 

sound  velocity  in 147 

specific  heats '.'.'.  228 

surface   tensions .'   173—174 

thermal  conductivity 217 

expansion,   cubical .221 

vapor  pressures 173-137 

viscosity,   absolute 157-159 

specific,    solutions 16^ 

Logarithms:  standard  4-place 26 

1000  to  2000 24 

anti-,  standard  4-place 28 

.9000  to  1. 0000 30 

Logarithmic  functions 40 

Longitudes  of  a  few  stations 420,  434 

Long-wave  transmissions 309 

Loschmidt's  number 408 

Lowering  of  freezing  points  by  salts 208 

Lubricants  for  cutting  tools 154 

Lumen 2^9 

Ijwmlnosity  of  black-body,  f(t) 261 

Lunar  parallax 414 

Lux 259 

M  X-ray   spectrum 392 

Mache   radioactivity   unit 398 

Maclauren's  theorem 13 
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Uacnetie  field:  atomic 402 

bismuth,  resistance  In 384 

Etttnghausen  effect 385 

ga]?anometric  effects 385 

Hall  effect 385 

Joule  effect 365 

Leduc  effect 38s 

Nernst  effect 385 

nickel,  resistance  In 384 

optical  rotation  polarization  .  378-383 

reslstanoe  of  metals  In 384 

thermo-magnetlc  effects 385 

Vlllarl   effect 365 

Wiedemann  effect 365 

Uscnetlc  obsenratorles,  magnetic  elements  ....  434 
Magnetic  properties:  cobalt,  o'  to  loo*  C.   .    .    .  373 

Curie  constant 37a 

Curie  point 372 

definitions 365 

demagnetizing  factor  for  rods  .  374 
diamagnetlsm,  f  (t)      .    .  365,  372 

ferro-cobalt  alloy 370 

ferromagnetism 365 

bystersis      375-376 

iron: 367-37^ 

cast,  intense  fields    .    .  368 

pure 369 

soft,  o  and  100*  C.  .    .371 
very  weali  fields  .    .    .    .370 

wrought      373 

magnetite,  o%  loo*  C.  ,  .  373 
magneto-strictive    effects     .    .   365 

magnet  steel 370 

mazwell 31  if  365 

nlcicel,  0%  loo'  C 373 

paramagnetism,  f  (t)    .    .  365,  372 

permeability 365 »  37* 

saturation  values  for  steels  .    .373 

steel: 367-376 

energy  losses  ....  376 
magnet  steel  ....  370 
manganese  steel  ...  373 
saturation  values  .  .  .  373 
temperature  effect  .  371-372 

tool  steel 373 

transformer  steel  .  37 if  376 

weak   fields 370 

Bteinmetz  constant  ....  375 
susceptibility  .  .  365,  372.  377 
temperature  effects     .    .   371-373 

M&gnetlsm  terrestrial:  agonic  line 425 

(tecllnation 420 

dip 422 

inclination 422 

Intensity,  horizontal      .   .    .  423 

total 424 

magnetic  character  yearly  .    .  425 
observatories,  elements  at     .  426 

Magneto-optic  rotation,  gases 382 

Kerr    constant 383 

Kundt  constant 383 

liquids 380 

solids 379 

solutions      381 

Verdet's  constant    .    .  378-383 

Magnitudes,  absolute  stellar 415,412 

stellar 415,412 

sun 415 

Mass:  electronic,  f (velocity) 401,408 

fundamental  standard xxxiv 

hydrogen  atom 408 

Mass  absorption  coeflldent  for  X-rays 389 

Masses,  stellar 404 

Mathematical  constants 14 

physical 408 

Maxwell xlv,  311,  365 

Mean  free  path,  H  molecule 408 

velocity  H  molecule 408 

Measures,  wei^ts:  customary — metric      8-10 

English — metric      5-7 

Mechanical  equivalent  of  beat 197 

Ught      261 

Medianical  properties:  definitions      74 

elastic  limit  .  .  74 
Eridison  value  .  .  74 
hardness  ....  74 
moduli 74 
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Mechanical  properties:  definitions:  modulus  of  rupture     74 

proportional  limit.  74 
sderoscope  ...  74 
ultimate    strength, 

compr.     74 

tension     74 

yield  point   ...     74 

alloy*:  aluminum 81 

brasses 83-85 

bronzes 83-85 

copper 83-85 

'™n  , 75-79 

miscel 88-89 

steel 27 

white   metal    ....     89 

alomlnam:      80—81 

alloys 8x 

brick  and  brick  piers  ....     93 

cement ,   ,     90 

cement  mortars 90 

clay   products 93 

concrete      91 

copper: 8a 

brasses  and  bronzes  83-85 
wire   ......  82-83 

heat  treatment  for  steels  .    .     76 

Iron: 75 

alloys 75 

leather  belting 94 

p-ratio  extension /contraetloo.   10 1 
rigidity  moduli  f  (t)   ....    100 

rope,  manila 95 

steel-wire 79 

rubber,  sheet 94 

steel: 76 

alloys    .■ 77 

heat  treatmmt  for  .   .     76 

semi- 78 

wire      78 

wire-rope 79 

stone  products 9a 

tenra-cotta  piers 93 

tungsten 89 

white  metal 89 

woods:  conifers:  Engllidi    unit    99 

metric  unit  .     97 

hard:  English  unit     .     98 

metric  unit  .    .     96 

Melting  points:  alloys 206 

elements 198 

eutectics      207 

Inorganic  compounds 201 

Ume-alumina-fiilica  compounds    .    .  207 

organic  compounds 213 

paraflbis 203 

pressve  effect 200 

water-ice,  pressure  effect     ....  aoo 

Meniscus,  volume  of  mercury x43 

Mercury:  density  and  volume,  —  lo*  to  360*  C.     .   121 

conductivity  thermal,  high  temp 254 

electric  resistance  standard xxxviii 

meniscus,  volume  of 143 

pressure  hydrostatic  of  columns 136 

specific  heat 227 

thermometer 190-194 

vapor   pressure 180 

Metals:  conductivity,  thermal M13 

diffusion 168 

potential  differences,   Volta    ....  3x6,404 

reflection  of  ll^t  by 295-296,  298 

refraction  indices 295-296 

optica]  constants 295-298 

resistivity,  temperature  coefficient   ....  323 

pressure  effect 326 

Volta  emf 316,404 

weifl^  sheet  metal it6 

Metallic  reflection 295-296, 298 

Meteors,  diemical  composition 423 

Meter-candle      256,  259 

Metric  weights  and  measures,  equivalents  .    .    .       s-xo 
Mho   ...•,.. •  436 
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Mieroo.  A 7>  436 

Milky  way,  pole  of 4i4 

Itinerals:  densities iiS 

refractive  Indices:  biaxial      286 

isotropic 282 

uniaxial 284 

specific   beats 229 

Bfinlmum  energy  for  li^t  sensation 261 

Mixtures  freeing 211 

Mobilities,  ionic 405 

Moduli,  —see  mechanical  properties 74-103 

Mogendorf  series  formula 273 

Moist  air»  density  of i33-i35 

maintenance  of i35 

transparency  to  radiation,  .36  to    1,711.,  41  x 

to  20^  .    .   .  308 

Molecular  collision   ttequencies 399 

eonductlTltles:  equivalent      ....  349-352 

specific 346-348 

crystal  units 400 

diameters      399»4oo 

fjree  paths 399 

beats  of  adsorption      407 

liquefaction 407 

kinetic  energy 408 

magnitudes 399-4oo,  408 

number  in  em',  76  cm,  o*  C 408 

gram-moleciile 408 

velocities      399 

vrei^its  of  colloids 406 

Moments  of  biertla:  earth 4^7 

formube 70 

Month 414.436 

Mcon:  albedo 4i7 

distance  firom  earth,  parallax 414 

radiation  compared  vlth  sun's 407 

Musical  scale 148 

tone   quality i49 

Mutual  Induction 376 

Nemst  therraomagnetlc  potential  difference  ....  385 

Neutral  points,  thermoelectric 3X7 

Neutralization,  heat  of 246 

Nickel,  Kerr's  constants   for 383 

magnetic  properties,  o  to  xoo" 373 

resistance  in  magnetic  field 384 

Nitrogen  thermometer 192 

Nltroso-dimethyl-anlllne,  refractive  Index 280 

Nuclear  diarge,  atomic 393«4oi 

Number  of  stars 4^7 

Nimibers  atomic 409 

X-ray  spectra  and     ....  390-393 

Numbers:  magnetic  character 433 

sun-spot 415 

Nutation 414 

Observatories,  magnetic  elements  at 434 

Ohm:       xxxvii,  xxxvili,  311 

electrical  equivalents '.    .    .  3x1 

Oersted xlvi 

Oils,  viscosity  of 156,  157 

Optical  constants  of  metals  .    .    .   .' 293 

Optical  rotation  magnetic 378-383 

Optical  thermometry 250 

Organ  pipes,  pltdi X49 

Organic  compounds:  boiling  points 203 

densities 203 

melting  points 203 

Organic  salts,  solubilities 170 

OscUlatlon  constants  wireless  telegraphy      ....  362 

times  of  wires,  temperature  variation  .   .   lox 

Overtones 149 

T  pi X4, 436 

P-Umlt  (proportional  limit) 74  et  seq. 

Parsec 414 

Parallax,  solar,  lunar 4x4 

stellar      4x2.  4X5 

Paramafoietism 363 

Partials  (sound) 149 

Particle,  smallest  visible 406 

Peltier  effect: 3x7,321 

pressure  effect «...  320 


PACK 

PenduhoD,  second:  formula;  latitude  variation   .   .  4^7 

Penetration  cathode  rays 387 

high  speed  molecules 387 

Pentane  candle     260 

thermometer X94 

Periodic  system:  Hackh 4xu 

Mendelejeff 409 

Permeability,  magnetic 365  et  seq. 

Persistence  of  vision 258 

Petrol-ether  thermometer X94 

Phosphorescence  t radio-active  excitation)      .   .   .   .394 

Phot 259 

Photoelectricity 403 

Photographic  data:  intensification 264 

lights,  efficiencies 264 

plate  characteristics 263 

resolving  power 263 

speeds  various  materials    .    .    .  263 

Photometric  definitions,  units 259 

standards 260 

Physiologleal  constants  of  the  eye 238 

?!(«•) X4, 436 

Pigments,  refiecUng  powers  f(X) 299 

Pipes,  organ:  pitch 149 

Pitch: 148 

organ  pipes 149 

voice,  limits 149 

Planck's  "h"      408 

radiation  formulae,  Ci  (^ 247 

Plane,  air  resistance  to XS0-X52 

Planetary  data 4x6 

Platinum  resistance  thermometer 193 

thermoelectric  thermometer 196 

thermoelectric  powers  against 3x9 

Poisson's  ratio xox 

Polonium  radioactive  series 398 

Polarized  light:  reflection  by 295-296,  297 

rotation  of  plane 3x0 

magnetic 378-383 

Porcelain,  reslstahce,  f(t) 33^ 

Positive    rays 386 

Potential  (emf):  accumulators 313 

cells  voltaic 3x2-313 

contact 314,3x6,404 

ionizing 403 

Peltier 32X 

sparking,  kerosene 355 

various       ....   353-355 

resonance 403 

standard  cells 3x3 

thermo-electric      317-320 

pressure  effect  .   .  320 

Weston  normal xU 

portable xUli 

Poundal 436 

Precession      4x4 

Pressure:  air,  on  moving  surfaces   .    .    ...   .   X50-X52 

barometric,  reductions,  caplllari^    .    .    .   X43 

gravity      .    .   X38-X43 
temperature      .   .   X37 

boiling  wato- X44 

critical,  gases 212 

mercury  columns X36 

volume  relations,  gases X04 

water  columns X36 

Pressure  effect  on  boiling  points 200 

melting    points 200 

resistance    electrical 326 

thermoelectric  powers 320 

Pressure  n^mi  alcohol,  methyl  and  ethyl  .   .    .    .    178 
aqueous  (steam  tables  234)   .   x83-x86 

elements X7S 

mercury 180 

salt  solutions x8i 

water  vapor  (steam  tables  234)  183-X86 

various X76-181 

Probable  errors s6-59 

Probability  integral 56-57 

inverse     60 

Proportional  limit  (P-llmit) 74  et  seq. 

Pupil    diameter 258 

Purklnle   phenomenon 256 

Quality,    tone X49 

(Quartz:  refraction    indices 280 

transmission  of  radiation  by 305 
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R,  gu  eonrtant 4o8 

p,  PoUwn'B  ratio 'oj 

Radian • 430 

dreular  funetloni  In  terma  of 37 

RadlaUon:  black-body.  formulB 347 

f(\,T)      ......  347,348 

toUl,  f(t) 347 

candle      200 

conaunta,  <r,  Ci,  Cg *47 

cooling  by,  across  airspaces  ...  353 

high  temperatures  .  .  .  .354 
ordinary  temperatures  .  .  .  353 
pressure  effect     .    .    .  251—253 

emliatritlea      349.350 

eye  aensltlwness  to ^5p-358 

f(X) 256,258 

moon's  compared  to  sun's 415 

Planck's    formula 347 

9,  Stefan's  formula 347 

solar  constant  of 4i8 

?ariaUon  with  latitude 430 

month 420 

Stefan's  formula 347 

sun's  to  earth 41° 

svi's  compared  to  moon 4i3 

temperature  as  ftmctlon  of •  ^So 

tranamiasiblllty  of  by  air,  moist    .  308,  419 

alum 305 

atmosphere  .  308, 419 
crystals,  f  (X)  .  .  30S 
(^,  f(  )  •  •  •  301 
fluorlte,  f(X)  .  .  305 
glaas,  f(X)  .303-304 
Ice-land  spar  .  .  305 
lamp-black  .  .  .  309 
long-wave,  f(X)  .  309 
quarts.  f(X)  .  .  30S 
rock-salt,  f(X)  .  305 
water,    f(X)     .    .  307 

visibility  of  by  eye 256.  258 

Radii  of  gyration 7o 

Radio-aeUvity 394-398 

a  rays:  helium 394 

ions  produced 398 

kinetic  energy 396 

number   produced 396 

production  of 394 

range 396 

stopping  powers  far     ....  395 

velocity,  hiltial 396 

actinium   group 396 

/Jrays:  absorption  coefficients  .  395,397 

ions  produced 398 

veloctUes      397 

«y  rays:  absorption  coefficients  .  395,  397 

ions  produced 398 

.constants,   various 396-397 

Curie   unit 39° 

emanation 398 

general  characteristics 394 

heating  effects 394 

helium.  Production  of 394 

ions  produced  by  a,  /S  and  7  rays    .  398 

l^iotopes 410 

Mache  unit 398 

phosphorescence 394 

radium  group 396 

spectra      398 

standard,  international 394 

thorium  group      396 

transformations 396,410 

transformation  constants 396 

vapor  pressire  of  emanation     .    .    .398 

Radium  emanation,   vapor-pressure 398 

group 396 

spectra      398 

Radius  hydroRen  atom 408 

Rpftprocals '5 

Reflection  of  light:  formula      297 

long-wave 309 

metals 295-298 

miscellaneoiis 298 

f(n,I) 297 

pigments  dry.  f(X) 299 

polarization  by 297 

rough  surfaces 299 

stellite 296 

variation  with  angle      ....  300 
temperature    .   .  300 
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Refraction  index:  air,  f(X) ^93 

alum      381 

crystals,  see  minerals  .   .    .  279-^89 

fata 389 

lluorite,  f(t)      380 

gases 393 

glasses,  American.  f(X)    ....  377 

Jena,  f(X,t) ay* 

Iceland-spar 380 

Uquids 390 

liquefled  gases 389 

microscopic  determination  media  .  294 

minerals,  biaxial,  positive     .   .    .  386 

negative    .    .    .  387 

Isotropic 382 

uniaxial,  positive  .    .   .  284 
negative  .    .    .  384 

miaeellaneoua,  biaxial 389 

isotropio     ....  283 

uniaxial      ....  285 

nitroso-dimethyl   aniline    ....  380 

olte 389 

quarts 380 

rock-salt,   f(t)      379 

salt  solutions 391 

sUvlne 379 

v^Mrs 392 

waxes 289 

Relative  humidity,  vapor  pressure  and  dry   ....   187 

wet  and  dry 189 

Resistance,  air  (aerodynamical) 151-1  S3 

planes isi 

angle  factor 152 

aapect  factor 152 

shape  factor i53 

size  factor ^53 

skin  A-ietlon 152 

speed  factor XS3 

Resistance,  resistivity  electrical    (see  conductivity). 

aUoys,  f(t) 333.337-338 

aluminum •    •  334 

wire  tables 343.343 

alternating  current  values 344 

antenna   (wireless)      364 

copper,  f  (t) 334.  335 

reduction  to  standard  temperature  33s 

wlre-Ublea,  English  units   ...  336 

metric  units    .    .    .  339 

dielectrics,  volume,  surface 331 

dectrolytle.  see  cooductirity  .    .    .  345-353 

equivalents 3" 

glass,  f(t) 332 

high  fk>equency  values 344 

hitfi  temperature  values 330 

low  temperature  values 330 

magnetic  field,   effect  of 384 

mercury  resistance  standards  ....     xxxrlU 

metals.  f(t) 333 

porcelain,  f(t) 333 

pressure   effect •  326 

gtaodards,  mercury xxxvlil 

surface,  of  dielectrics 33' 

thomometer,  platinum  resistance   .    .    .   i93 

volume,  of  dielectrics 33^ 

wire,  auxiliary  table  for  computing  .    .  322 
wire  tables,  aluminum,  common  units    .  343 

metric    ....  343 

copper,  common  units     .    .  336 

metric     ....'.  339 

Resolving  power  photographic  plate 363 

Resonance  potentials    (spectra) 403 

Retina,  physiological  data 258 

sensitiveness  to  light  and  colors  .    .   .  256-258 

RiKldlty  of  pflrth 427 

Rigidity  moduli,  f(t) zoo 

RUz  spectrum  series  formula 275 

Rocks,  specific  heats  of 229 

Rock-salt,  Index  of  reft-actlon 279 

Rods  in  retina  of  eye 258 

RSntgen  rays: 383-393 

absorption  coefficients    (mass)    .    .    .   389 
atomic  numbers  and  spectra    .    .   390-393 

cathode  efficiencies 387 

corpuscular  radiation 387-388 

characteristic  radiations 387 

energy  relations     . 387 

goieral  radiations 387 
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RQntsenraysrbeteroceneous  radUtlons 387 

homoceneocH  rtdlatloiu 387 

independent  radiations 387 

intensity      388 

ionization 388 

K  scries  of  radiations 390 

L  series  of  radiations 391 

M  series  of  radiations 39a 

monochromatic  radiations 387 

secondary  radiations 387 

spectra:  absorption      393 

K  series 390 

L  series 391 

M  series 39a 

tungsten 392 

wave-length  and  cathode  fall  .   .   .   .387 
Roots  of  Bessel  functions,  ist  and  2nd  orders  .   .     68 

Roots  square 15 

Rope,  maniUa,  mechanical  properties 95 

steel  wire,  mechanical  properties 79 

Rotation  of  polarized  light      310 

magnetic   ....  378-383 

Rough  surfaces,  reflecting  power 399 

Rowland  solar  wave-lengttis 272 

Rupture,  moduli  of  .    .   . •   .  74  ct  seq 

Rutherford  atom 401 

Rydberg  constant 408 

Rydberg  series  formula  (spectrum) 375 

ff,  Stefan-Boltmann 347 

Salt  solutions:  bolUng  point  raising 310 

conductivity   thermal 3x6 

freezing  point  lowering 308 

vapor  pressure x8i 

Scales,  musical 148 

Sderoscope  (hardness  test) 74 

Screens,  color 306—307 

Second  pendulum,  formula 419 

sea-level  values,  f  (0) 419 

Seeobffl xUv 

Secondary  batteries 313 

X-rays 387 

Self  Induction 376 

Sensation,  Minimum  energy  of  Ught  for 361 

Sensitiveness  of  eye  to  light  and  radiation  .   .  356-358 

Series,    mathematical 13 

Series  spectra:  Balmer  formula 401,  375 

first  terms 370 

limits  of *.....  376 

MorgendorflT  formula 375 

Ritz  formula 375 

Rydberg  formula 375 

vfliration  differences 376 

Sheet  metal,  weight  of 1x6 

Silver,  electrochemical  equivalent 345 

Silver  voltameter xl 

Sllvlne,  refractive  index 379 

Sines,  natural  and  logarithmic,  circular 33 

hyperbolic  ....     41 

Sky  brightness 419 

Skin  friction,  air  resistance 152 

Soap  films 174 

Solids:  compressibility xo8 

contact  potentlflJs 314,316,404 

densities'   .   ^ 113 

dielectric  conftants 360 

expansion  coefficients,  cubical 337 

linear    ....  318—320 

hardness 74  et  seq,  10 1 

magneto-optic  rotaUon 379 

refhictlve  indices 377-389 

resistance,  electrical 323-344 

velocity  of  sound  .    .    .   .' 146 

Verdet's  constant 379 

Solubility:  gases  in  water X70 

pressure  effect  .     ...   171 
salts  In  water,  inorganic,  f(t)    ....    169 

organic,  f(t) 170 

Solutions:  bollbig  point  raise  by  salts  in  ....  310 

conductlrity  electrolyUc 346-353 

thermal 316 

densities  of  aqueous 132 

diffusion  of  aqueous 166 

dielectric  constant,  calibration  stds.  .  .  360 
freezing  points  lowering  by  salts  in  .  .  .  208 
magneto-optic  rotation  by 381 
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Solutions:  refractive  indicM 291 

spedfle  heats 328 

surface  tensions 173 

vapor  pressures x8i 

Verdet's  constant 381 

viscosities,  specific i59>  163 

Sound,  velocity  of:  gases      X47 

liquids X47 

solids X47 

waves,  energy  of 149 

Sparking  potentials:  air,  alternating  potentials    .    .353 

large  spark-gaps,  f(p)  .   .  3  54 
steady  potentials  ....  353 

dielectrics 355 

kerosene 355 

Specific  beat  of  electricity 3x7' 

Specific  heats:  ammonia,  sat.  liq 228 

elements 233,  335,  336 

gases,  also  c^  /c« 330 

liquids 333 

mercury      227 

minerals  and  rocks 229 

rocks 229 

silicates 229 

solids 227 

vapors    .   .  ' 230 

water 227 

Spedfle  gravities  (see  densities)  .......   109-133 

conversion  of  Baum£> 109 

Spedfie  Inductive  capacities:  crystals 361 

gases,  f(t,p)  .   .  356-357 
liquids,  f(t)      .   357-359 

solids      360 

std.  solutions     .    .   .  360 

Specific  molecular  conductivity 347-348 

Spedfle  resistance,  see  resistivity 323-326 

Specific  viscosity: 159,  163 

Spectrum:  black-body  Intensities 247,  348 

elements,  international  units  .    .   .  267, 370 

eye  sensitiveness,  f(X) 256-258 

Iron  standards,,  international  units  .  266,  267 

radium      398 

series,  limits,  first  terms,  etc 376 

solar:  intensities  of  energy 4x8 

Rowland  wave-lengths 372 

cor.  to  intern,  scale  .    .  272 
standard  wave-lengtbs,  Intern,  units.   266-267 

stellar 403 

wave-lengths  standards 266,  267 

reduction  to  std.  pressure.  268 

X-ray:  absorption 393 

atomic  numbers 390-393 

K  series 390 

L  series 391 

M  series 392 

tungsten 392 

Speed  of  corpuscles 401 

Spherical  harmonics 64 

Sputtering,    cathodic 386 

Squares  of  numbers 15 

-Square  roots  of  numbers 15 

Squares,  least,  —  formuls  and  tables 56-59 

Standard  cells,  emf  of 313 

radium,   intematiunal 394 

refractive  media  tot  microscope 294 

resistance,   mercury xxxvlii 

temperature  calibration  points 195 

wave-lengths:  primary  (international)  .  266 
secondary  (international)  .  266 
tertiary  (international)  .  .  267 
reduction  to  std.  pressure  .  268 

Standards:  eledrical,  intematiocal xxxvili 

fundamental xxxlli 

photometric 260 

Stars:  brigjhtness 4X3 

densities 413 

distances 4x2 

equivalent  ist  magnitude 417 

first  magnitude  data  (positions,  etc.)   .   .    .  4>5 

Harvard  classification 4*^1 

light,   total 417 

magnitudes,  apparent  and  absolute 413 

masses 413 

motions 4>2 

number  of 4x7 

parallax 41S 
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SUrt:  Bise 4i3 

speetra 4iz 

temperttures,    swfaee 411 

Teloeitlee 412,  415 

Steam  tables ^34 

Steel:  maftnetle  properties 367-370 

mediaoleal   properties 76-79 

Stefan-Boltamann  constant,  and  formula 247 

Stelnmeta  nasnetie  constant 375 

Stellite,  reflecting  powers 150 

Stem  correction  for  thermometers 190-191 

Stokes  law  for  falling  bodies 150 

Stone,  mechanical  properties 92 

Storage  batteries 313 

Strengths — see  mechanical  properties 74-99 

Sucrose,  flseosltles  of  solutions,  f(t) 156 

Sugsr  cane,  densities  aqueous  solutions 126 

Sulphuric  add,  densities  aqueous  solutions  .    .    .   .126 

Sun:  apex  of  solar  motion 411 

bri^itness      .    .    .   .   ; a6o 

disk  brightness  distribution 41^ 

distance  to  earth 414 

Fraunbofer  lines 265 

magnitude,   stellar 413 

motion 411 

numbers.  Wolf's  sun-spot 415 

parallax 414 

radiation  compared  to  moon 414 

constant  (solar  constant) 418 

Tariation  with  month  and  latitude  .    .  420 

spectrum:  energy  intensities 41^ 

Fraunhofer  lines 265 

Rowland's   ware-lengths 272 

spot  numbers,  Wolf's 41S 

temperature 418 

velocity  - 41 X 

wa?e-length8:  Fraunbofer  lines 265 

Rowland's 272 

Sundiine,  dmtion  of  f  (month,  latitude) 417 

Surface  resistlTltles,  solid  dielectrics 331 

Surface  tensions 173*  i74 

Susceptibility  magnetic,  definition 365 

elements,    etc 377 

Tangents  circular,  nat.  and  log.,  f  (*, ')     ....     32 

f  (radians)     ...     37 

hyperbolic,  nat.  and  log 41 

Taylor's  series 13 

Telegraphy,    wireless: 362, 364 

Temperattre,  black-body  scale  f or  W 250 

briidbtneas  black  body  as  function  of.  261 

brl^tness  scale  f or  C 250 

color  scale  f or  W 250 

critical  gas  constants 212 

earth:  f  (altitude) 421 

r(latltade) 422 

monthly  and  yearly  means  .   .  420 
variation  below  surface     .   .   .  422 

flane  temperatures 244 

Ignition,  gaseous  mlxttres 244 

standards xxzlv 

stellar     411 

sun's 418 

thermodynamle 195 

aero  absolute       195 

Tienslle  strengths,  see  mechanieal  properties  .   .   .  74-99 

Tension,  strface i73>  i74 

Tensions,  vapor,  see  vapor  pressures 175-186 

Terrestrial  magnetism:  agonic  line 4^5 

declination 420 

dip 422 

Inclination 422 

Intensity,  horizontal     .    .    .423 

total 424 

magnetic  character,  yearly  .  425 
observatories,  elements  at  .  426 

Thermal  unit,  British 435 

standard  calorie 435 

Tliermal  conductivity:  alloys,  metels 213 

building  materials     .  213 

earth      422 

gases     217 

high  temperature  254 
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Thermal  conductivity:  Insulators 3x4—2x6 

hl^  temp.   214 

Uquids ai7 

metals,  high  temper- 
ature       213 

salt  solutions    .    .    .   si6 

water 216 

Thermal  diffuslvltles 2x7 

Thermal  expansion:  cubical:  gases 222 

liquids      ......   221 

solids 220 

linear:  elements    '..-....   218 
miscellaneous     .   .   .    .   219 

Thermal  unit:  British 435 

calorie 435 

dynamical  equivalents   ...   197 
Thermo-chemlstry:beatof  combiBtlon:caftMO  qnIb    .  24  x 

coals  .  ,  .  242 
cokes  .  .  .  242 
gases  .  .  .  242 
liquid  futds  ,242 
miscellaneous  .241 
peats  .  .  .  242 
heat  of  dilution,  H1SO4    ....  246 

formation      245 

Ions 246 

neutralisation  ....  246 
Tbermodynamleal  scale  of  temperature,  iee-polnt  .  .  x9j 
Tbermoelectrlcal  properties:  (emf)  alloys     .   .   .    .318 

platinum  319 
elemente  .  .  .3x7 
Peltier  .  .  3x7, 321 
pressure  effects  .  320 
TboBosoD    .  3x7,320 

Thermoelements,  calibration  of 196 

Tliermogalvanometrle  effect 385 

Tliermomagnetic  effecte 385 

Thermometry:  absolute  sero      193 

air— i6ni   o"  to  300*  C  ....   193 

59111,  roo'  te  200"  C  ...   193 

S9III,  higb  temperature    ...  194 

calibration  pohite,  standard   .   .   .    .   X95 

gas-mercury,  formulc,  comparisons  192-194 

hy*ogen— 16II1,  o'  to  loo'  C  .   .  192 

•    1 61",    59  —5*    to 

—  35°  C 19a 

various 194 

ice  pohit    .   .   .   ; 195 

Kelvhi  scale 193 

mercury  cf  with  gas 190— X94 

platinum  resistance 193 

resistance  electrical 195 

stem  corrections 190-191 

thermodynamle  scale,  Ice-pofait  ...  195 
thermo-electric,  Cu-Constantan   ...   196 

Pt-PtRh X96 

Thomson  thermo-electric  effect 317,320 

Thorium  radio-active  group,  constante  of 396 

Threshold  sensitiveness  of  eye ^56 

Timber,  strength  of 96-99 

Timbre  (sound) 149 

Time,  equation  of 416 

Time,  solar,  sidereal 414 

Time  standards xxilv 

Transformation  constante  of  radio-w^lve  substances.  396 

Transformation  polnte  of  minerals 207 

Transmlsslblllty  to  radiation:  air,  moist  .   .   .  308,419 

atmospheric     ....  418 
crystals,  various  ...  306 

dyes 301 

glass,  American  .  303. 304 
Jena      ....  302 

water 307 

water-vapor     .   .  308,  419 
Trigonometric  functions:  drcuhur,   (")  nat,  log.   .     32 

(radians),  log  .   .  '  37 
hypeilMllc,  nat.,  log.  .   .   .     41 

Trlbo-electrlc  series 322 

Tubes,  flow  of  gas  through 150 

Tuning  forks,  temperature  coefllclente 149 

Ultimate  strengths  of  materials,  see  MechanlcaL 

properties 74*^ 
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Units  of  measarements,  see  IntroduetioD     ....  niii 

electrical,  absolute  .  .  .  .uxri 
tnternational  .  .jxn\ 
legal  •  .  •  ni^ 
practical     .   .   .mvi 

fundamental xxill 

photometric a6o 

radioactlTe 394 

work,  transformation  factors    197 
Uranium  group  of  radlo-aetlre  substances 396 

f,  ratio  electro-magnetic  to  —static  units  .   .  xn,  xxxri 

Vacuo,  reduction  of  densities  to 73 

weighings  to 73 

Valencies  of  the  elements 71 

Van  der  Waal's  constants 212 

Vaporisation,  latent  heat  of: 231 

ammonia 232 

elements,  theoretical  .  233 

formulc      232 

steam  tables  ....  234 

Vapor  pressure:  alcohol  ethyl 178 

methyl      178 

aqueous  (see  water  belov)  .   .   183,234 

carbon   dlsulphide i79 

elements      x7S 

mercury xoo 

radium  emanation 398 

salt  solutions *  181 

farious 179-180 

water:  atmospheric  via  wet  and  diy 

sea-lerel    ...    186 
other  altitudes  .   185 

saturated      183 

steam   tables 234 

Vapcr,  water;  weight  perm*  and  ft* 185 

Vapon:  densities 127,  234 

diffusion  of 167,  168 

heats  of  Taporixation 231-239 

heats  specific 2to 

pressures,  see  Tapor  pressures  ....   175-186 

refractlTe  indices 292 

spedflc  heats 230 

fiscosities 164 

water,  transparency  to  radiation  .   .    .  308,  419 

Velocity  of  light 408,  414 

molecules 399 

sound,  in  gases      i47 

liquids 147 

solids 146 

stars 4ii>  41^ 

son 4x1 

Verdet^s  constant  (magneto-optie) 378-382 

gases 382 

liquids      380 

solids 379 

solutions,  aqueous 381 

Vessels,  volume  of  glass,  Tia  Hg 72 

Villarl  magnetic  effect 365 

Viscosity:  air X64 

alcohol  ethyl,  f(t,  dilution) 155 

castor  oil,  f(t) 136 

centipoise,  definition X55 

definition      .*  •   X55 

earth 427 

gases,  temperature  and  pressure  var.  164-165 

glycerol,  ittlution  variation 156 

liquids,   f(t) 157-158 

specific:  solutions,  f(dens.,  t)     ....   X59 

atom.  cone.  25°  C.     .   163 
sucrose  solutions,  f  (t,  dilution)   ....   156 

vapors,  f  (p,  t) 164-165 

water,  f(t) X5S 

Visibility  of  radiation      256-258 

relative  of  various  colors 256-258 

white  lights 260 

Vision,  distinct      238 

persistence  of 258 

Voice,  pitch  limits  of X49 

Voltages:  aceumulatorB      313 

contact      .«• 3x4,  3x6,  404 

Peltier 321 

standard  cells 313 

thermoelectric      3x7-320 

pressire  effect 320 

voltaic  cells 312-313 

Weston  normal zU 

Weston  portable zlili 
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Voltaic  cells;   comp.,  enf:  doiible  fluid 3x2 

seoDodary 313 

single  fluid 3x3 

standard 3x3 

storage 3x3 

Voltameter,  sUver zl 

Volts,  electrical  equivalents 311 

Volts,  legal,  hitematlonal 3di*3ii 

Volume  atomic,  50*  K 226 

critical  for  gases 212 

glass  vessels,  determtaiatlon  of 72 

gases,  f  (p) 104-T06 

f(t) X28-X32 

•  mercury,  —  xo*  to  +360*  C. X2x 

resistance  of  dielectrics .331 

specific  of  elements 225 

water,  o*  to  40"  C 1x9 

—  xo"  to  250**  C. 120 

Vowels,  tone  characteristics 149 

Waal's  (van  der)  constanto 212 

Water:  boiling  point,  f(p) 144 

density,f(t)  0' t0  4i'C,— xo' toaso'C  118-120 

solutions,  ethyl  alcohol 124 

glycerol 156 

methyl  alcohol X26 

sucrose       156 

sugar    (cane) 126 

sulphuric  acid 126 

various      .    .    .   122,  x  59-163 

freezing  point,  f(pressure) 200 

ionization  of 352 

melthig  point,  f(p) 200 

pressure  (hydrostatic)  of  columns  of  .  .   .   ij6 

solutions:  boiling  points 2x0 

densities,  see  water,  density  solu- 
tions   .    .   X18-X26,  X56,  X59-X63 

diffusion 166 

electrolytic  conduction     .   .  346-352 

feezing  points 208 

viscosities 156,  159-X63 

spedflc  heat 227 

thermal  conductivity 2x6 

transparency  to  radiation 307 

vapor  pressure 234-239,  183-X84 

v^Mir  pressure  <rf  in  atmosphere    .    .    .   X85-X89 

viscosity,  f(t) 155 

volume,  o*  to  40"  C,  — 10'  to  250*  C.  xx9, 120 
Water-vapor,  determination  in  atmosphere,  via  wet 

and  dry  sea-level      186 

various   altitudes    ....   185 
relative  humidity  via  wet  and  dry  .   .  189 

dry  and  v.p.  .   .  187 

in  atmosphere,  f  (altitude) 42X 

transparency 308, 4x9 

weight  saturated  per  m*  and  ft*  .   .   .  185 

Watt      zzzvli,  zh,  311 

Wave-lengths:  Angstrom,  deflnition 266 

cadmium  red  line 266 

Oova      261 

elements,  Intomatlonal  scale  .   .  267, 270 

Fraunhofer  solar  lines 265 

iron  arc  standards 266-267 

neon,  international  scale 266 

pipes    (sound) .   X49 

limits.  Hertz,  X,  visible,  etc  ...  408 

ROntgen      390-393 

Rowland  solar 272 

corrections  to  Intom  X  272 

solar,  FYaunbofer  lines 265 

Rowland 272 

standard  pressure,  correction  to  .   .   .  268 
standards:  international  primary    .   .  266 

secondary  266-267 
tertiary     .    .  267 

vacuo,  reduction  to 293 

wireless 362-364 

X-ray 390-393 

Waves,  energy  of  sound 149 

Weldings,  reduction  to  vacuo 73 

Weight  sheet  metal 116 

Weights,  atomic 71 

Welghto  and  Measures:  customary  to  metric    ...       5 

metric  to  customary  ...  6 
metric  to  imperial  ....  8 
imperial  to  metric  ....  10 
miscellaneous 7 
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Weston  DMnml  cell zU 

Weston  portable  cell zllll 

Wiedemann  macnetie  effect 365 

Wind  pressures 150-153 

Wire  gages,  comparison 333 

Wire,  medianlcal  properties:  copper 82-83 

steel 78 

steel  rope  and  cable  .  79 
Wire  resistance,  auxiliary  table  for  computing  .  .  .  32a 
Wire  tables:  alnmlnum,  English  measures    ....  34a 

metric  measures     ....  343 
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